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Any nitwit can underetand computers, and many do. 
Unfortunately, due to ridiculous hiatorical circumstances. 
computers heve been made a mystery to most of the world. 
And thie situation does not seem to be improving. You 
hear more and more about compulers, but to most people 
it's juet one big blur. The people who know about computers 
often seem unwilling to explain things or answer your ques- 
tions. Stereotyped notions develop about computers operating 
In fixed ways-- and so confusion increases. The chasm 
between laymen and computer people widens fast and danger- 
ously . 





This book is a measure of desperation, so serious 
and abysmal is the public sense of confusion and ignorance. 
Anything with buttons or lighte can be palmed off on the 
layman as a computer. There are so many different things, 
and their differences are so important; yet to the lay public 
they are lumped together as "computer stuff,” indistinct 
and beyond understanding or criticism. It's as if people 
couldn’t tel! apart camera from exposure meter or tripod, 
or car from truck or tollbooth. This book is therefore devoted 
to the premise that 


EVERYBODY SHOULD UNDERSTAND COMPUTERS. 


It is intended to fill a crylng need. Lots of everyday people 
have asked me where they can learn about compulers, and 
1 have had to say nowhere. Most of what is written about 
computers for the layman is either unreadable or silly. — 
(Some exceptions are listed nearby; you can go to them 
instead of this if you wanl.) But virtually nowhere is the 
big picture simply enough exple:ned. Nowhere can one 
get a simple, soup-to-nuls overview of what computers 

are really about, without technical or mathematical mumbo- 
jumbo, complicated examples, or talking down. This book 
is an attempt. 


(And nowhere have I seen a simple book explaining 
to the layman the fabulous wonderland of computer graphics 
which awalts us all, a matter which means a great deal 
lo me personally, as well as a lot lo all of us in general. 
That's discussed on the flip side.) 


Computers are simply a necessary and enjoyable 
part of Ilfe, like food and books. Computers are not everything, 
they are just an aspect of everything, and not to know this 
is computer Uliteracy, a silly and dangerous ignorance. 


Computers are as easy to understand as cameras. 
I have tried to make this book Ike a photography magazine-- 
breezy, forceful and as vivid as posible. This book will 
explain how to tell apples [rom oranges and which way 
la up. If you want to make cider, or help get things right 
side up, you will have to go on from here. 


Tam not a skillful programmer, hands-on person 
or eminent professional; | am just a computer fan, computer 
fanatic if you will. But if Dr. David Reuben can write aboul 
gex | can certainly write about computers. [ have written 
this like a letter to a nephew, chatty and personal. This 
is perhaps less boring for the reader, and certainly less 
boring for the writer, who is doing this ina hurry. Like 
& photography magazine, it throws at you some rudiments 
In a merry setting. Other things ere thrown in so you'll 
get the sound of them, even if the detaile are elusive. 
(We learn most everyday things by beginning with vague 
impressions, but somehow encouraging these is not usually 
felt to be respectable.) What I have chosen for inclusion 
here has been arbitrary, based on what might amuse and 
Give quick Insight. Any bright highschool kid, or anyone 
else who can stumble through the details of a photography 
magazine, should be able lo understand this book, or get 
the main ideas. Thie will not make you a programmer or 
a computer person, though it may help you talk that talk, 
and perhaps make you feel more comfortable (or at least 
able to cope) when new machines encroach on your life. 
If you can get a chance to learn programming-- see the 
suggestions on p. -- it’s an awfully good experience for 
anybody above fourth grade. But the main idea of this 
‘book is to help you tell apples from oranges, and which 
way is up. [ hope you do go on from here, and have made 
a few suggestions. 


lam “publishing” this book myself, in thie first 
draft form, to test ils viability, to eee how mad the computer 
people get, and to see If there is as much hunger to understand 
computers, among all you Folks Out There, as I think. 
I will be interested to receive corrections and suggestions 
for subsequent edilians. if any. (The computer-tteid is 
Its own exploding universe, so I'll worry about up-to-dateness 
at that time.) 
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SummMaARY OF THIS BOOK 


Man has created the myth of "the computer” in his own image. 
or one of them: cold, immaculate, sterile, “sclentific,” oppressive. 


Some people flee this image. Others, drawn toward it, have 
joined the cold-sterile-oppressive cult, and propagate it like a faith. 
Many are stil] aboul this mischief, making people do things rigidly 
and saying it is the computer's fault. 


Still others see computer for what they really are: versatile 
gizmos which may be turned to any purpose, in any style. And so 
@ wealth of new styles and human purposes are being proposed and 
tried, each proponent propounding his own dream in his own very 
persona) way. 


This book presents a panoply of things and dreams. Perhaps 
some will appeal to the reader... 


— 


THE COMPUTER PRIESTHOOD 


Knowledge is power and so it tends lo be hoarded. 
Experts in any field rarely want people to understand whal 
they do,and generally enjoy pulting people down. 


Thus if we say that the use of computers is dominated 
by a priesthood, people who spatter you with unintelligable 
answers and seem unwilling to give you straight ones, 
il is not that they are different in this respect from any 
other profession. Doctors, lawyers and construclion engineers 
are the same way. 


But computers are very special, and we have to deal 
with them everywhere, and this effectively gives the computer 
priesthood a stranglehold on the operation of all large organiza- 
tions, of government bureaux, and anything else that they 
run. Members of Congress are now complaining about 
contro! of information by the computer peopte, thal they 
cannot get the information even though it's on computers. 

Next to this it seems a small matter that in ordinary companies 
“untrained" personnel can't gel slraight questions answered 
by computer people; but it's the same phenomenon. 


It is imperative for many reasons that the appalling 
gap between public and computer insider be closed. As 
the saying goes, war is too important to be left to the generals. 
Guardianship of the computer can no longer be left to a 
priesthood. | see this as just one example of the creeping 
evil of Professionalism ,* the control of aspects of society 
by cliques of insiders. There may be some chance, though, 
that Professionalism can be turned around. Doctors, for 
example, are being told thal they no longer own people's 
bodies.** And this book may suggest to some computer 
professionals that their position should not be as sacrosancl 
as they have thought, either. 


This in not to say that computer people are trying 
lo louse everybody up on purpose. Like anyone trying 
to do a complex job as he sees fit. they don't want to be 
bothered with idle questions and complaints. Indeed, probab- 
ly any group of insiders would have hoarded computers 
just as much. If the computer had evolved from the telegraph 
(which it just might have), perhaps the librarians would 
have hoarded it conceplually as much as the math and en- 
gineering people have. But things have gone too far. 
People have legitimate complaints about the way computers 
are used, and legitimate ideas for ways they should be 
used, which should no longer be shunted aside. 


In no way do I mean to condemn computer people 
in general. (Only the ones who don't want you to know 
what's going on.) The field is full of fine, imaginative 
people. Indeed, the number of creative and brilliant people 
known within the field for their clever and creative contri- 
butions is considerable. They deserve to be known as widely 
as, say, good photographers or writers. 


"Computers are catching hell from growing multitudes 
who see (hem uniformly as the tools of the 
regulation and suffocation of all things warm, 
moist, and human. The charges, of course, 
are not totally unfounded, but in their most 
sweeping form they are ineffective and therefore 
actually an acquiescence to the dehumanization 
which they decry. We clearly need a much more 
discerning evaluation in order to clarify the 
ethics of various roles of machines in human 
affairs." 


Ken Knowlton 

in "Collaborations with Artista-- 
a Programmer's RefNections” 

in Nake & Rosenfeld, eds., 
Graphic Languages 
(Worth-Holland Pub. Co.). 
p. 399. 


* This is a side point. I eee Professionalism as a spreading 
disease of the present-day world, a sort of poly-oligarchy 

by which various groups (subway conductors, social workers. 
bricklayers) can bring things (o a halt if thelr particular 

new increased demands are not met. (Meanwhile, the irrele- 
vance of each profession increases. in proportion to its 
increasing rigidity.) Such lucky groups demand more 

in each go-round-- but meantime, the number who sre 
permenently unemployed grows and grows. 


** Ellen Frankfort, Vaginal Politics. Quadrangle Books. 
Boston Women’s Health Collective, Our Bodies, Ourselves: 
Simon & Schuster. >= 


This side of the book, Computer Lib proper (whose tille is nevertheless 
the simplest way lo refer te both halves), is an attempt to explain simply and 
concisely why computers are marvelous and wonderful, and what some main 
things are in the field. 





The second half of the book, Dream Machines, is specially about fantasy 
and imagination, and new techniques for it. That half is related to this half, 
but can be read firsl; I wanted to separate them as distinctly as possible. 


The remarks below all refer to this first half, the Computer Lib half 
of the book. =F 


aE 


FANDOM 


With this book I am no longer celling myself a computer 
professional. ['m a computer fan, and I'm out to make you 
one. (All computer professionals were fans once, but people 
get crabbier as they get older, and more professional.) 

A generation of compuler fans and hobbyists is well on 

ite way, but for the most part these are people who have 
had some sort of an In. This is meant to be an In for those 
who didn't get one earlier. 


The computer fan is someone who appreciates the 
options, fun, excilement, and fiendish fascination of computers. 
Not only is the computer fun in itself, like electric trains; 
but it aleo extends to you a wide variety of possible personal 
uses. (In case you don'( know it, the price of computers 
and of using them is going down as fast as every other 
price is going up. So in the next few decades we may be 
reduced to eating soybeans and carrots, but we'll certainly 
have compulers.) 


Somehow the idea is abroad that computer activities 
are uncreative, as compared, say, with rotating clay against 
your fingers until it becomes a pot. This is categorically 
false. Computers involve imaginstion and creation at the 
highest level. Computers are an involvement you can really 
get into, regardless of your trip or your karma. They 
are toye, they are lools, they are glorious abstractions . 

So it you like mental creation, toy trains, or abstractions, 
computers are for you. If you ere interested in democracy 
and its future, you'd better understand computers. And 
It you are concerned about power and the way it is being 
used, and aren't we all right now, the same thing goes . 


THE SOCIETY 
Which brings ue to our next topic. 


There is no question of whether the computer will 
remake society; it has. You deal with computers perhaps 
many times 4 day-- or worse, computers deal with you, 
though you may not know it. Computers are going into 
everything. are intertwined with everything, and it's going 
to get more and more so. The reader should have a sense 
of the dance of options, the remarkably different ways 
that computers may be used; by extenslon, he should come 
to see the extraordinary range of options which confront 
us as 4 society in our future use of them. Indeed, compulers 
have with a swoop expanded the options of everything. 


But a variety of inconvenient systems already touch on 
our lives, nuisances we must deal with all the time; and 
I fear that worse is to come. I would like lo alerl the reader, 
in no uncertain terms, that the time has come to be openly 
attentive and critical in observing and dealing with computer 
systems; and to transform criticism into action. If systems 
are bad, annoying and demeaning, these matters should 
be brought to the attention of the perpetrators. Politely 
at first. But just as the atmospheric pollution fostered by 
GM has become a matter for citizen concern and attack through 
legitimate channels of protest, so too should the procedural 
pollution of inconsiderate computer systems become a matter 
for the same kinds of concern. The reader should realize he 
can criticize and demand; 


THE PUBLIC DOES NOT HAVE TO TAKE 
WHAT'S BEING DISHED OUT. 





AUTHOR'S CREDENTIALS 


There is already a backlash against computers, and 
the spirit of this anti-computer backlash is correct, but 
should be directed against very specific kinds of things. 
The public should stop being mad al "computers" in the 
abstract, and starl being mad at the people who make in- 
convenient systems. It is not "the computer," which has 
no Intrinsic style or character, which is at fault; it is people 
who use "the computer" ag an excuse to inconvenience you, 
who are at fault. The mechanisms of legilimate public 
protest- -ins and so on-- should perhaps soon be turned 
1o complaint over bad and inhuman computer systems. 





The question is, will the crummier trends continue? 
Or can the public learn, in time, what good and beautiful 
things are possible, and lranslate this realization into 4n 
effective demand? I do not believe this is an obscure or 
specialized issue. Its shadow falls across the future of 
mankind, if any, like a giant sequoia. Either computer 
systems are going to go on inconveniencing our lives, or 
they are going to be turned around to make life better. 
This is one of the directions that consumerism should turn. 


1 have an axe to grind: [ want to see computers useful 
to individuals, and the sooner the belter, without necessary 
complication or human servility being required. Anyone 
who agrees with these principles is on my side, and anyone 
who does not, is not. 


THIS BOOK IS FOR PERSONAL FREEDOM, 
AND AGAINST RESTRICTION AND COERCION. 


That's really all it's about. Many people, for reasons of 
their own, enjoy and believe in restricting and coercing 
people; the reader may decide whether he is for or against 
this principle. 


A chanl you can take to the streets: 


COMPUTER POWER TO THE PEOPLE! 
DOWN WITH CYBERCRUD! 


THE FUTURE, IF ANY 


Simply as a matter of citizenship, it is essential to 
understand the impact and uses of computers in the world 
of the future, if any: and lo have a sense of the issues about 
computers that confront us as a people-- especially privacy 
and data banks, bul also strange new additions lo our 
economic system ("the checkless society") , our political 
system (half-baked vote-at-home proposals), and so on. 

T regret that (here is nol room to cover these here. 


Various companies are seeking wide public support for 
the sorts of things they are trying to bring about. Legislation 
will be proposed on which the views of the public should 
have a hearing. It is impoftant thal these be understood 
sensibly by some part of the electorate before they are made 
too permanent, rather (han made matters of dumb assent. 


Finally, and most solemnly, computers are helping 
us understand the unprecedented danger of our future 
(see "The Club of Rome." p.G%). The human race may 
have only a short time left on earth, even if there is no war. 
These studies must be seen and understood by as many 
intelligent men of good will as possible. 





THEREFORE 


Welcome to the computer world, the damndest and 
craziest thing that has ever happened. But we, the computer 
people. are not crazy. 11 is you others who are crazy to 
let us have all this fun and power to ourselves. 


COMPUTERS BELONG TO ALL MANKIND. 


B.A., philosophy, Swarthmore; graduate study U. of Chicago; M.A., sociology, Harvard. Mostly eelf-taught in computers. 
Member of editorial board, Computer Decisions magazine; listed in New York Times’ Who's Who in Computers; member of 
Association for Computing Machinery since 1964. 


Research assistant, Communication Research Institute, 1962-3. Instructor in sociology, Vassar College, 1964-6. 

Senior staff researcher, Harcourt, Brace & World Publishers, 1966-7. Consultant lo Bell Telephone Laboratories, Whippany, N.J., 1967-8. 
Consultant to CBS Laboratories, Stamford, Ct., 1968-9. Proprietor of The Nelson Organization, Inc., New York City, 1969-72. 

Lecturer in art, U. of [}linole at Chicago Circle, spring 1973. 

Lecturer in computer education, Office of Instructional Resources Development, U. of Illinois at Chicago Circle, 1973-4. Photo by Roger Ftald. 








WHERE (T'S AT 


Computers are where It's at. 


Recently a bank employee wae accused of 
embezzling a million and e half dollars by clever 
computer programming. Hie programs shifled 
funds (rom hundreds of people's accounts to his 
own, but apparently kept things looking Innocent 
by clever programming tricks. According to the 
papers, the program kept up appearances by 
redepositing the stolen amount in each account just 
ag interest payments were sbout to be calculated, 
then withdrawing it again just after. ("Chief 
Teller Is Accused of Thefl of $1.5 Million at a Bank 
Here." New York Times, 23 March 73, p. 1.) 

The alleged embezzlement waa discovered, not by 
bank audit, but by records found on the premises 
of a raided bookmaker . 








In a recent scandal that has rocked the 
insurance world, an insurance company appears 
to have generated thousands of fictitious customers 
and accounts by computer, then bilked other 
ineurance companies-- those who re-ineured the 
original Actitious pollcles-- by fictitious claims 
on the fictitious misfortunes of the fictitious 
policy-holders. 


In April of 1073, according to the Chicago 
radlo, a burglary ring had a "compulerized” Let 
of a thousand prospective victima. 


There have been Instances where dishonest 
university students, nevertheless able programmers, 
were able to change thelr course grades, stored 
on @ central univeralty computer. 


It ia not unheard of for ace programmers to 
create grand incomprehensible systems that run 
whole companies, systema they can personally play 
like a piano, and then blackmall thelr firms. 


A friend of a friend of the author Is an ace 
programmer at the Pentagon, supposedly a private 
supervising colonels. On days he Is mad at his 
bose, he the army cannot find out Its strength 
within 300,000 men. Or three million if he eo 


oor 


This awkward state of affairs, obviously 
spanning both the American continent and most 
realme of endeavor, has come about for various 
reasons. 








Firat, the climate of uncomprehenalon leads 
men in management to treat computer matters ag 
“mere technicalities"-- a myth as sinister as the 
public notion that computers are "scientific"-- 
and abandon the kind of scrutiny they sensibly 
apply to any other company activites. 


Second, most of today's computer systems are 
inherently leaky and Insecure-- and Ukely lo stay 
that way awhile. Getting things to work on them 
Involves giving people extraordinary and Invisible 
powers. (Eventually this will change, but watch 
out for the meantime.) 


The obvious consequence Is slmply for the 
computer people to be allowed to take over 
altogether. It may indeed be that computer people 
-- the more well-informed and vislonary ones, 
amyway-- can see the farthest, and appreciate 
most deeply the better ways things can go, and 
the etepe that have to be taken to get there. (And 
Boards of Managers can at least be partially assured 
that hanky-panky at the lower levels wlll be 
prevented, Lf men in charge know where the bodles 
are buried.) 


That seems to be how It's golng. Examples: 


The president of Dartmouth College, John 
Kemeny, is a respected computerman and a devel- 
oper of one of the important computing languages, 
BASIC (see p. I ). 


The new president of the Russell Sage Foun- 
dation, Hugh Cline, used to teach computing at 
Columbia. 


It's probably the same in Industry. In other 
words, more and more, for better and for worse, 
things are being run by people who know how to 
use computers, and this trend is probably irre- 
vereible. 


In some ways, of course, this ia a sinister 
portent. In private industry It's not eo bad, 
since the danger la more of embezzlement and 
botch-up than of public menace. But then there's 
the problem of the government. The men who 
manage the information tools are more and more 
In charge of government, loo. And If we can have 
a Watergate without compulers, just walt. (See 
"Burning Issues," p. S$) 





The way to defend ourselves against computer 
people la to become computer people ourselves. 
Which of course |s the polnt. We must all become 
computer people, at least to the extent that we have 
already become Automobile People and Camera 
People-- that is, Informed enough to tell when one 
goes by or when someone points one at you. 


MANY MANSIONS 


The future is going to be full of computers, 
for good or ill. Many computer systems are belng 
prepared by « variety of lunatics, ideallets and 
dreamers, as well as profit-hungry companies and 
unimaginative clods, all for the benefit of mankind. 
Which ones will work and which ones we wil! like is 
another matter. The grand and dreamy ones bid fair 
to reorganize drastically the lives of mankind. 


For Instance, Doug Engelbart at Stanford 
Research Inatltule has a beautiful system, called NLS, 
that will allow us to use computers as a generalized 
postoffice and publication system. From your com- 
puter terminal you Just align onto Engelbart's System, 
and you're at once In touch with lots of writings by 
other subecribers, which you may call to your 
screen and write replies to. 


(These grander and dreamier applications are 
discussed on the other side of this book.) 


But the plain computer visione are grand 
enough. 


The great world of time-sharing, for instance. 
("Time-sharing" meana that the computer's time is 
shared by a variety of users simultaneously. See 
p. ¢S.) If you have an account on a time-sharing 
computer, you can eign on from your termina] 

(see p. /4) over any telephone, no matter where 
you are, and at once do anything that particular 
computer allows-- calling up programe in e veriety 
of computer languages, dipping Into data on a 
variety of subjecte as easily as one now consults 

a chart. 


For inatance, at Dartmouth College-- where 
time-sharing is perhaps farthest advanced as a 
way of Life-- the user (any Dartmouth student, for 
instance) can just eit down at a terminal and write 
a simple program (in Dartmouth's BASIC language, 
for Instance) to analyze census data. Since Dart- 
mouth has a complete file on its time-sharing system 
of the detalled sample from the 1870 census, the 
program can buzz through that and report almost 
immediately the numbers of divorced Aleuts or 
boy millionaires in the sample, or (more signifi- 
cantly) the relative Incomes of different ethnic 
groups when categorized according to the ques- 
toner's interests. 


But simple time-sharing Is only the beginning. 
Networks of computers are now coming into being. 
Moet significant of these is the ARPANET (financed 
by ARPA, the Defense Department's Advanced 
Research Projects Agency, it Is nonetheless non- 
military In character). Dozens of large time-sharing 
computers around the country ere being tied into the 
Arpanet, and a user of any of these can reach dir- 
ectly Into the olher computers of the network-- 
using thelr programs, data or other facilities. 
Arpanet enthusiaste see this as the wave of the 
future. 


MINI MANSIONS 


But while computers and thelr combinations 
grow bigger and bigger, they also grow smaller 
and smaller. A complete computer the size of an 
Ored"tookle ie now available, guaranteed for 
twentyfive years (and very expensive). But its 
actual heart, the Intel microproceseor, le only 
sixty bucks now, and just walt (see Microprocessors, 
p.44). By 1980 there should be as many pro- 
grammed and programmable objects in your house 
as you now have TVs, radios and typewriters; 
that's a conservative estimate. But just what these 
devices will all be dolng-- ah, there's the question 
that has many people talking to themeelves. 








OTHER COMING THINGS? 


There are a lot of tell stories about what 
computers will do for the world. Among the most 
threatening, I think, are glowing reports of 
"sclentific" politics (don't you believe it). We 
hear how computers will bring "science" to govern- 
ment, helping, for example, to redraw the lines of 
election districts. (See Cybercrud, p. & .) 


Then you may also have heard that computere 
are going to be our new mentors and companions, 
tutoring us, chatting wlth us and perhape lulling ue 
to sleep-- Uke Hal in 2001. Worried? Good. 

(See "The God-Builders," Mip elde.) (?. d* y 


Ss 


CHOTZPAH DEPARTMENT 


A college student broke through the security of the 
Pacific Telephone computer system from a terminal and, 
according to Computerworld (6 June 73), stole over a 
million dollars worth of equipment by ordering It 
delivered to him! (Penthouse, December 73, clalms he 
was in highschool and it was only nine hundred thoueand, 
but you gel the idea.) 


After serving a few weeks in Jail, he has formed 
his own computer-security consulting company. 


More power to him. 
ey 
The new breed has got to be watched. 


Thie is the urgency of this book. Remember 
that the man who writes the payroll program can 
write himself some pretty amazing checks-- perhaps 
to be mailed out to Switzerland, next year. 


From here on it's computer polilics, computer 
dirty tricks, compuler wonderlands, computer 
everything. 


For anyone concerned to be where it's at, 
then, this book will provide a few suggestions. 
Now ie the Ume you elther know or you don't. 


Enough power talk. Knowledge ls power. 
Here you go. Dig in. 


LESSON 1: 
GETTING THINGS STRAIGHT 


The greatest hurdie for the beginner (or 
"Jayman”) ia making an effort to grasp particulars 
of that which he heare about. 


A. WHAT IS ITS NAME? Every system or 
proposal or project has a name of some sort. Make 
an effort to learn it, or you're stuck trying to refer 
fo "that computerieh thing.” 


(And don't be a snob about acronyms, those 
all-cap names and terms sprung from the foreheads 
of other words, Uke ILLLAC and PLATO and CAI. 
There’ need for them, Short words are too 
general to use for names, and long phrases are 
too unwieldy.) 





B. IN WHAT PARTICULAR WAY DOES IT 
EMPLOY THE COMPUTER? For record-keeping? 
For looking etuff up quickly or fancily? For 
searching out combinatione? For making up combl~ 
nations ana lesting thelr properties? For enacting 
complex phenomena? As automatic typewriters? 

To play music, or just to store the written notes? 


It ie hoped that you will become sensitive 
to these distinctions, and be able to understand and 
remember them after somebody explains them. 


Otherwise you're stuck just referring to 
"that computer business,” and you're In with the 
rest of the sheep. 


(Hresdestaly —) 


People ask me often where they cen learn 
about "science." As in all fields, maga- 
zines are usually the best sources of 
general orientation. 


Sclence Digest is kind of helpful for a start, 
although unfortunately they print summaries 
of every foo] study that generalizes to the 
hearts of all humanity from two dozen lowa 
State freshmen. 


Scientific American is the favorite. Some stuff 
je hard to read but some isn't; the pic- 
tures and diagrams are terrific. 


Science & Technology magazine seems to me 
one of the better ones-- breezy, informa- 
tive, not trivial. 


Science magazine is read by most actual scien- 
tists, and if you have a lively curiosity 
and can guess at the meanings'of words, 
will tell you an incredible amount. (This 
is a main source for the science articles 
in the New York Times, which in turn...) 
Their articles on politics of science, and 
the future, are very interesting, important, 
and depressing. You have to join Am. Assn. 
for the Advancement of Science, Washington, 
D.C. 





Daniel S. Greenberg's Science and Government 
Report (sorry-~ $35 a year) is what really 
tells it. Greenberg is the man who knows, 
both what is shaping up in science and 
the insane governmental confusions and 
floundering responses and grandetanding 
and pork-barrel] initiatives... 

Greenberg is, incidentally, one of 
the finest writers of our Ume and a great 
humorist. 

Sclence and Government Report, 
Kalorama Station (really?), Box 21123, 
Washington, D.C. 20009. 

This is the wall that the handwriting 
is on. 


WHERE IT'S AT, 
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ASPECTS OF THIS Fook 


The explanations-- not yet fully debugged-- are 
intended for anybody. The listings of expensive products 
and services are intended not only as corroborative detail, 
for a general sense of what's available, but also for 
business people who might find them helpful, for affluent 
individuals and clubs who want to try their hand, and 
finally as a box score of how the prices are coming down. 
Because we are all going to be able to afford these things 


pretty soon. 
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This diagram shows the amazing and unique way prices 
drop in the computer field. The prices shown are for the first 
minicomputer, the PDP-5 (and its hugely popular offepring, the 
PDP-8); but the principle has held throughout the field, and the 
downward trend will probably accelerate due to the new big 


integrated circuits. 


Another example: an IBM 7080, a very decent million-dollar 
computer in 1960, was put up for sale at a modish Parke-Bernet 
"used computer auction" in 1970. If | remember aright, they 
could not get a $1000 bid, because today’s machines are so much 
smaller, faster and more dependable. 
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Ih) THIS ROOK 


INTRO 

"Where It's At" 

Sources of Information 
CYBERCRUD 

THE MYTH OF THE COMPUTER 
The Power and the Glory 
TIE DEEP DARK SECRET 
(Computer Basics Reduced 

to One Easy Page) 

THE NEW ERA 

INTERACTIVE SYSTEMS 
TERMINALS 

COMPUTER LANGUAGES: Prelude 
1. BASIC 

2. TRAC® Language 

3. APL 

DATA STRUCTURES 

Binary Patterns 

COMPUTER LANGUAGES: Postscript 
ROCK BOTTOM: Inner Languages 
of Computers; 

Computer Architecture 
BUCKY'S WRISTWATCH, a sample 
machine-language program 
The Assembler 

Your Basic Computer Structure: 
THE MINICOMPUTER 

BIG COMPUTERS 

GREAT COMPUTERS: Sketches 
of Some Specific Machines 
List of Mini Makers 
MICROPROCESSORS 

(The New Third Kind 

of Computer) 

ADVANCED PROGRAMS 
OPERATING SYSTEMS 
TIME-SIARING 

COMPUTER PEOPLE 

Program Negotiation 
Suggestions for Writers 
Fun and Games 

How Computer Stuff is 
Bought and Sold 

How Computer Companies are 
Financed, Sometimes 

IBM 

Digital Equipment Corporation 
Peripherals for Your Mini 
SIMULATION 

OPERATIONS RESEARCII 

GREAT ISSUES 

MILITARY USES OF COMPUTERS 
The ABM System 

DNA 

DAMN THAT COMPUTER! 

STUFF YOU MAY RUN INTO 

THE CLUB OF ROME 


THE BUCK STOPS HERE 


Everywhere in the world people can pretend 


that your ignorance, or position, or credentials, or 
poverty, or general unworthiness, are the reasons 
you are being pushed around or made to feel amall. 
And because you can't tell, you have to take it. 


And of course we can do the same thing with 


computers. Yes, we can do itin spades. (See 
"Cybercrud," p. 8.) But many of us do not want to. 
There has to be a better way. There has to be a 
better world. 


You 
Tynan SOURCES 


There are several major places you get infor- 
mation in the computer field: friends, magazines, 


bingo cards, conferences and conference proceedings. 


FRIENDS. 


Friends we can't help with. But you might 
make some at conferences. Or join a compuler club? 


MAGAZINES. 


The principal magazines are (first few listed 
roughly by degree of general interest): 


Datamation. $15 year or free. The main 
computer magazine, a breezy, clever 
monthly. Lots of ads, interesting arti- 
cles the layman can read with not much 
effort. Twits IBM. 

Subscriptions are $15 if you're 
not a computer person, free if you are. 
Datamation, 35 Mason St., Greenwich 
CT 06830. 


Computer Decisions. Some $7 a year or free. 
Some nice light articles, as well as 
helpful review articles on different 
subjects. Avoids technicalities. 
Computer Decisions, 50 Essex St., 
Roselle Park NJ 07662. 


Computers and Automation. Avoids techni- 
calities bul quite a bit of social-interest 
stuff. Nobody gets it free; something 
like $7.50 a year. Berkeley Enter- 
prises, Inc., 815 Washington St., 
Newtonville, Mass. 02160. 


Computerworld (actually a weekly labloid 
paper). Not free: $9 a year. More 
up-to-the-minute than most people 
have time to be. Computerworld, 
Cire. Dept., 797 Washington Sl., 
Newlon, Mass. 02160. 


Computing Surveys. Excellent, clearly 
written introductory articles on a 


variety of subjects. Any serious 
beginner should definitely subscribe 
to Computing Surveys. (See ACM, 
below.) 


Communications of the ACM. High-class 
a « journal about theoretical matters and 
lad CACM: events on the intellectual side of the 
field. (See ACM, below.) 





Computer Design. $1@/yr. or free. Concen- 
lrates on parts for computers, but also 
telis technical details of new computers 
and peripherals. Computer Design, 
Circulation Dept.. P.O. Box A, 
Winchester, Mass. 01890. 


Dala Processing magazine. Oriented to 
conventional business applications of 
computers. $10. North American 
Publishing Co., 134.N. 13th St., 
Philadelphia, Pa. 19107, 


Computer. (Formerly IEEE Computer Group 
News.) $12/yr, Thoughtful, clearly 
written articles on high-level topics. 
Quite a bil on Artificial Intelligence 
(see flip side). IEEE Computer Society, 
16406 Ventura Bivd., Encino CA 91316. 


Here are some other magazines that may 
interest you. No particular order. 


PCC. Delightful educational/countercullure 
tabloid emphasizing computer games 
and fun. Oriented to BASIC language. 
$4/yr. from People's Computer Com- 
pany, P.O. Box 310, Menlo Park, 

CA 94025. 


Computing Reviews. Prints reviews, by 
individuals in the field, of most of the 
serious computer articles. Useful, but 
subject to individual biases and gaps. 
(See ACM, below.) 


The New Educational Technology . $5/yr. 
Presumably concentrates on activities 
of its publisher: General Turtle, Inc., 
§45 Technology Square, Cambridge, 
MA 02139: wonderful computer toys for 
schools and the well-heeled. 


The Honeywell Computer Journal. Something 
like $10 a year. Honeywell Information 
Systems, Inc., Phoenix, Arizona. 
Showcase magazine of miscellaneous 
content; readable, nicely edited. Has 
unusual practice of including microfiche 
(microfilm card) of entire issue in a 
pocket. 


IBM Systems Journal. Showcase technical 
journal of miscellaneous content, 
especially arcana about IBM products. 
$5/yr. IBM, Armonk, NY 10504. 


IBM Journal of Research and Development. 
Showcase (technical journal of miscel- 
laneous content. $7.50/year. IBM, 
Armonk, N¥ 10504. 


,  Jgurnal of the ACM. A highly technical, math- 

(racy) oriented journal. Heavy on graph theory 
and pattern recognition. (See ACM, 
below.) 


Digital Design. $15 or free. About computer 
parts and designs. Digital Design, 
Cire. Dept., 167 Corey Road, Brookline, 
Mass. 02146. 


Infosystems. Aspiring mag. $20 or free. 
Hitcheock Publications, P.O. Box 2007, 
Wheaton, Il. 60187. 


Think. This is the IBM house organ. 
Presumably free to BM customers 
or prospects. IBM, Armonk, NY 10504. 


There are also expensive (snob?) magazines, 
bought by executives. 


Computer Age. $95/yr. EDP News Services 
Inc., 514 10th St. N.W., Washington 
DC 20004. 


Computer Digest. $36/yr. Information Group, 
1309 Cherry St., Philadelphia PA 19107. 


Data Processing Digest. $5l/yr. 6820 
la Tijera Blvd., Los Angeles CA 90045. 


Hey now, here's a magazine called Computopia. Only $15 a year. Unfortunately in Japanese. 
Computer Age Co. Ltd., Kesumigaseki Bldg., Box 122, Chiyoda-Ku, Tokyo, Japan. 


"COMPUTER TOYS” — WARNING 


A number of inexpensive gadgets purport to 
teach you computer principles. Many people have been 
disappointed, or worse. made to feel Stupid. when they 
learn nothing from these. Actually the best these things 
really can do is give you an idea of what can be done 
with combinations of switches. From that to learning 
what computer people really think about is a long, long 


way. 


Sone 
GOO) BOOKS & ARTICLES 
For BEGinners 


The best review of whal's happening lately, by 
none other than Mr. Whole Earth Catalog 
himself: Stewart Brand, "Spacewar: 
Fanatic Life and Symbolic Death among 
the Computer Bums." Rolling Stone, 2 
December 72, 50-56. He visited the most 
hotshot places and reports especially on 
the fun-and-games side of things. 





Gilbert Burck and the Editors of Fortune, The 
Computer Age. Harper and Row. Ignore 
the ridiculous full title, The Computer Age 
and Its Potential for Management; this book 
has nothing to do with management, bul is 
a nice general orientation to the fleld. 


Thomas H. Crowley, Understanding Computers. 
McGraw-Hill. This is the most readable and 


straightforward introduction to the techni- 
calities around. 


Jeremy Bernstein, The Analytical Engine. Random 
House, 1964. Hislory of compulers, well told, 
and the way things looked in 1964, which 
wasn't really very different. 


Donald E. Knuth, The Art of Programming. (7 vols.) 
A monumental series, excellently writlen and 
widely praised, for anyone who wants to dig 
in and be a serious programmer. Three of 
the seven volumes are out so far, at aboul 
twenty bucks apiece. Vol. 1: Fundamental 
Algorithms. Vol. 2: Seminumerical 
Algorithms. Vol. 3: Sorting and Searching. 
Addison-Wesley. 











BUMMERS 


This is perhaps a minority view, but | think 
any introduction to computers which makes them 
seem intrinsically mathematical is misleading - 
Historically they began as mathematical, but now 
this is simply the wrong way to think about them. 
Same goes for emphasizing business uses as if 
thal were all. 





We will not name here any of the various 
disagreeable pamphlets and books which stress 
these aspects and don't make things very clear. 


[>>apour FREE SUBSCRIPTIONS. Many of the 
magazines are free to "qualified" readers, usually 
those willing to slate on a signed form thal they 
influence the purchase of computers, computer ser- 
vices, punch cards, or the like. (They ask other 
questions on the form, but whether you influence 
purchase is usually what decides whether they 
send you the magazine.) 11 is also helpful to have 
a good-sounding tille or company affiliation. 


BINGO CARDS. 


These are little postcards you find in all the 
magazines except the ACM and company ones. Fill 
in your name and an attractive title ("Systems 
Consultant" or "consultant" is good-- after all, 
someday someone may ask your advice) and circle 
the numbers corresponding to the ads (hat entice 
you. You'll be Mooded with interesting, expensively 
printed, colorful, educational material on different 
people's computers and accessories. And note that 
senders don't lose: any company wants its products 
known. 


However, 8 posloffice box is good, as it helps 
lo avoid calls at home from salesmen, wasling their 
tlme as much as yours. If you are in a rural-type 
area where you can assume a company name with no 
legal difficulties, so much the better. 


POPULAR. Computers 


That the field has not been popularized by its 
better writers may simply come from an honest doub 
that ordinary people can understand computers. 


I dispute that. Through magazines, millions 
of Americans have learned about pholography. Through 
the popular science-and-mechanics type magazines, 
and more recently (he electronics magazines, various 
other technical subjects have become widely understood. 


So far nobody has opened up computers. This 
is a first attempt. If this book won't do il another one 
will. 


And you better believe that Popular Computers 
magazine is not very far away. Soon a fully-loaded 
minicomputer will cost less than the best hi-fi sets. 
In a couple of years, thousands of individuals will 
own computers, and millions more will want to. Look 


oul, here we go. 


Woops, here it is. Popular Computing, $15 a year 
($12 if prepaid), Box 272, Calabasas, CA 91302. 


THE MAIN COMPUTER ORGANIZATIONS 


ACM, the Association for Computing Machinery. 
This is the main computer professional 
society; the title only has meaning histor- 
ically, as many members are concerned not 
with machinery itself, but with software, 
languages, theories and so on. 


If you have any plans to stick with 
the subject, membership in the Association 
for Computing Machinery is highly recom- 
mended. ACM calls itself "The Society of 
the Computing Community." Thus it properly 
embraces both professionals and fans. 


Dues for official students are $8 a year, 
$35 for others, which includes a subscription 
to Communications of the ACM, the official 
mag. Their address for memberships and 
magazines is ACM, B.O. Box 12105, 

Church St, Station, New York, NY 10249. 
(The actual ACM HQ ia at 1133 Ave. of the 
Americas, New York, N.Y. 10036.) 





They have stacked the deck so that 
if you want to subscribe to any ACM maga- 
zines you'd better join anyway. Here are 
the year prices: 


Member Non-Member 
Communications of the ACM free $35 
Computing Surveys $7 $25 
Compuling Reviews $12.50 $35 
Journal of the ACM $7 $30 


The one drawback lo joining the ACM 
is all the doggoned mailing lists it gets you 
on. It's unclear whether there's anything 
you can do to prevent this, but there oughta 
be. 


SIGs and SICs. For ACM members 
with special interests (and we all have them), 
the ACM contains subdivisions-- clubs within 
the club, of people who keep in touch to 
share their interests. These are called SICs 
(Special Interest Committees) and SIGs 
(Special Interest Groups). There are such 
clubs-- SICs and SIGs-- in numerous areas, 
including Programming Languages, Computer 
Usage in Education, etc. Encouraging these 
subinterests lo stay within ACM saves a lot 
of trouble for everybody and keeps ACM the 
central society. 


AFIPS. 


AFIPS is the UN of computing. They 
sponsored the Joints, and now sponsor the 
NCC. Just as individuals can't join the UN, 
they can't join AFIPS, which stands for 
American Federation of Information Proces- 
sing Socielies. Depending on your special 
interests, though, you can join a member 
society. 


The constituent societies of AFIPS are, 
as of June 1973: (If any turn you on, write 
AFIPS for addresses: AFIPS, 210 Summit Ave., 
Montvale NJ 07645.) 

$Y ACM: the Association for Computing Machinery. 

IEEE, the Institute of Electrical and Electronics 
Engineers. This is the professionel society 
of electronics guys. 

Simulation Councils. This is the professional 
society for those interested in Simulation 
(see p.54). 

Association for Computational Linguistics. (Where 
language and computer types gather.) 

American Association of Aeronautics and 
Astronautics. 

American Statistical Association. 

Instrument Society of America. 

Society for Information Display. (See flip side.) 

American Institute of Certified Public Accountants. 

American Society for Information Science. (This 
group is mainly for electronified librarians 


CONFERENCES. 


Conferences in any field are exciting, at least 
till you reach 4 certain degree of boredom with the 
field. Computer conferences have their own heady 
atmosphere, compounded of a sense of elitism, of 
being in the witches' cauldron, and the sure sense 
of the impact everything you see will have as it al) 
grows and grows. Plus you get to look at gadgets. 


Usually to go for one day doesn't cost much, 
and at the bigger ones you get lots of free literature, 
have salesmen explain their things to you, see 
movies, hear fascinating (sometimes) speakers. 


THE JOINTS! The principal computer confer- 
ences have always been the Spring Joint 
Computer Conference, held in an 
Eastern city in May, and the Fall Joint 
Computer Conference, held in a Western 
city in November (the infamous Spring 


Joint and Fall Joint, or SJCC and FJCC). 


In 1973, because of poor business the 
previous year, the two were collapsed 
into one National Computer Conference 
(NCC) in June (Universal Joint?) The 
Joints have always been sponsored by 
AFIPS (see below). The National 
Computer Conference will henceforth 
be annual, at least for a while. 


The cost of altending is high-- 
while it's just a couple of dollars to 
look at the exhibits, this rises to 
perhaps fifteen dollars to go to the day's 
technical sessions or fifty for the week 
{not counting lodging and eats)-- but 
it’s very much worth it. The lower age 
limit for attendees is something like 
twelve, unfortunately for those 
with interested children. 


Other important conferences: the annual ACM 
conference in the summer; BEMA 
(Business Equipment Mfrs. Assn.) 
in the fall and spring (no theory, but 
lots of gadgets); and other conferencs 
on special subjects, held all the time 
all over. Lists of conferences and 
their whereabouts are in most of the 
magazines; Communications of the ACM 
and Computer Design have the biggest 
lists. 





‘ , 
CONFERENCE PROCEEDINGS. (“40% *S Prog heMes, 
* “Prog. WEE. 13.') 
As you may know, conferences largely con- 
sist of separate "sessions" in which different people 
talk on specific topics, usually reading out loud from 
their notes and showing slides. 


Conference proceedings are books which 
result from conferences. Supposedly they contain 
what each guy said; in practice people say one thing 
and publish another, more forma) than the actual 
presentation. 


This leads to a curious phenomenon at the 
main computer conferences (SJCC ,FICC, ACM and 
now NCC). When you register they give you a book 
(you're actually paying perhaps $15 for it), contain- 
ing all the papers that are about to be given, nicely 
tricked out by their authors. If you rush to a corner 
and look at the book if may change your notion of 
which sessions to go to. 


Anyway, the resulting volumes of conference 
proceedings are a treasure trove of interesting papers 
on an immense variety of computerish and not-so- 
computerish subjects. Great for browsing. 

Expensive but wonderful. (Horrible when you're 
moving, though, as they are big and heavy.) 


JOINT PROCEEDINGS. Proceedings for the 
Spring Joint and Fall Joint, from the 
fifties to 1972, are available from AFIPS 
Press, as are proceedings of the 1973 
NCC. (AFIPS Press, 210 Summit Avenue, 
Montvale NJ 07645.) They cost $20-26 
each after the conference is over; less 
in microfilm. (At the Joint Conferences, 
AFIPS Press often gives discounts, et 
their booth, on back Joint proceedings. ) 

[>If you want to spend money to 
learn about the field, Proceedings of 
the Joint Conferences are a fine buy. 


Back ACM Proceedings. From the ACM. 


Other Proceedings. Often sold at counters at 
conferences. Or availeble from various 
publishers. Join the ACM and you'll 
find oul soon enough. 


TRY TO GET TO THE NATIONAL JOINT. Just as 
every Muslim should go to Mecca, every 
computer fan should go to a National Joint 
(National Computer Conference, or NCC). 
The next two are (check the magazines): 


May 1974, Chicago 
May 1975 ~Sen-Feancisoa. ANAHEIM, 


NO QUALIFICATIONS ARE NEEDED. Think of it 
as a circus for smart alecks, or, if you 
prefer, a Deep Educational Experience. 


WHAT HAPPENS IF You TRKE COMPUTER COURSES? 


There is a lot of talk about "best" ways of teaching about computers, bul in most places 
the actual alternatives open to those who want to learn are fairly disma). 


Universities. Universities and colleges tend to teach computing with a mathematical 


and information retrieval types-- see 
flip side.) 


Society for Industrial and Applied Mathematics. 
Special Libraries Association. 
Association for Educational Data Systems. 


IFIP. 


This is the international computer society. 
Like AFIPS, ite members are societies, so 


joining ACM makes you an IFIP participant. 


IFIP holds conferences around the 
world. Fun. Expense. 


THE SOING TONT 


1 No PORE. 


emphasis al the start. Indeed, most seem to require that to get into the introductory computer 
course, you must have had higher math (at least calculus, sometimes matrix algebra as well). 
This is preposterous, like requiring an engineering degree to drive a car. (Gradeschool kids 
can learn lo program with no prerequisites. ) 


t> It seems to be to cut down enrollment, since they're not set up to deal with all those 
people who want to learn aboul computers. (And why not?) Also it's a status thing; as if 
this restriclion somehow should keep enrollment to students with "logical minds," whalever 
those are, or "mathematical sophistication," as if that were relevant. 


"Computer schools ," community and commercial colleges, on the other hand, tend to 
prepare sludents only for the most humdrum business applicetions-~ keypunching (which is 
rapidly becoming obsolete), and programming in the COBOL language on IBM business systems. 
This gets you no closer to the more exciting applications of computers than you were originally. 


Some experimental trends are more encouraging. Some colleges, for instance, offer 
“computer appreciation courses," with a wider introduction to what's available and more varied 
programming intended to serve as an introduction to this wider horizon. 


Highschool courses seem to be cutting through the junk and offering students access to 
minicomputers with quickie languages, usually BASIC. Both Digital Equipment Corp. and 
Hewlett-Packard seem to be making inroads here. 


Kiddie setups, rumored to exist in Boston and San Francisco, are geared to letting 
grade-school children see and play with computers. Also one company (General Turtle, see 
p.57) is selling computer toys intended to encourage actual programming by children. 











COBEKOW) 


A number of people have gotten mad at me 
for coining the term "eybercrud,” which I define 
as "putting things over on people using computers." 
But as long as it goes on we'll need the word. Al 
every corner of our society, people ere iseuing 
pronouncements and making other people do things 
and saying it's because of the computer. The , 
function of cybercrud Ie thus to confuse. intimi- 
date or pressure. We have all got to gel wise to 
thie if it is going to be curtailed. 





Cybercrud takes numerous forms. All of 
them, however, share the patina of "science" thal 
computers have for the layman. 





la) COMPUTER AS MAGIC WORD 


The most delicate, and seemingly innocent, 
technique Is the practice of naming things 60 as 
spuriously to sug thal they involve computers. 
Thus there is a manufacturer of pot-pipes with 
“Data” in Its name, end apparently @ pornography 
house with a "Cyber-". 





1b) COMPUTER AS MAGIC INGREDIENT 


The above seams silly, bul It is no lees silly 
than talking about “computer predictions" and 
"computer studies” of things. The mere that 
a computer is involved in something has no bearing 
on its character or validity. The way things are 
done with computers affects their character and 
valldity, Just like the way things are done withoul 
computers. (Indeed, merely using a compuler 
often has no bearing on the way things are done.) 





Thie same technique is easily magnified to 
suggest, not merely that something involves 
computers, but is wholly done by computers. The 
word "computerize" performs thie fatal function. 
When used specifically, as in computerize the 
billing operation, it can be fairly clear; bul make 
it vague, as in computerize the office. and il can 
mean anything. 


"Fully computerize” is worse. Thus we hear 
about a "fully computerized” print shop, which 
turns out to be one whose compulers do the type- 
setting; but they could also run the presses, pay 
the bills and work the coffee machine. For prac- 
lical purposes, there is no such thing as "fully" 
computerized. There is always one more thing 
compulers could do. 








BY THE AID OF THE MIRROR SHE PUT ON THE HEAD 


2) WHITE LIES: THE COMPUTER MADE ME DO IT 


Next come all the leetle white lies about how 
such-and-such is the computer's fault and not 
your decision. Thus the computer is made a 
General Scapegoat at the same tme it's covering up 
for what somebody wants to do anyway. 

"It haa to be this wey." 

"There's nothing we can do; this is all 
handled by computer." 

"The computer will nol allow this.” 

a Gear ne comuuter won't let ug.” 

e translation is, of course. THE STINKY LOUSY 
PROGRAM DOES NOT PERMIT IT. Which means in 
turn: WE DO NOT CHOOSE TO PROVIDE, {N OUR 
PROGRAMS AND EQUIPMENT, ANY ALTERNATIVES. 





Now, it Ls often the case that and 
Sufficient reason existe for the way Ginae are done. 
But it is also often the case that companies and the 
public are inconvenienced, or worse, by decisions 
the computer people make and then hide with thelr 
claim of technical Necessity. (See p. 46: Dealing 
wlth computer People.) 





3) YAGOTTAS: COMPUTER AS COERCER 


More aggressively, cybercrud Is a technique 
for making people do what you want. "The com- 
puter requires it,” you say, and so people can be 
made to hand over personal information, secretaries 
can be intimidated into scouring the files, payment 
schedules can be artificially enforced. 


THE GENERAL STATUS TRICK 


Statue tricks, combining (he puldown and 
the self-boost, date back to times immemorlal. 
But today they take new forms. The biggest trick 
ig to elevate yourself and demean the listener at 
the same time. or, more generally. the technique 
is making people feel stupid while acting like a 
big cheese. Thus someoneone might say, 

"People must begin to gel used to the objec- 
tive scientific ways of doing things 
that compulers now make necessary." 

Bul the translation seems lo be: 

"People must get used to the Inflexible, 
badly thought out, inconvenient and 
unkind syeteme that | and other 
self-righteous individuals and com- 
panies are inflicting on the world.” 


YOU DON'T ALWAYS GOTTA 


The uninformed are bulldozed. and even 
the informed are pressured, by the foolish myths 
of the clever, implecable and sclentific computer 
to which they must adapt. People are told they 
have to "relate to the computer.” But actually 
they are being made to relate lo systems humans 
have designed around |(, in much the same way 
a sword dance Is designed around the sword. 


When establishment computer people say 
that the computer requires you to be systematic, 
they generally mean you have to learn thelr system. 
Bul anyone who tells you a method “has lo be 
changed for the computer” is usually fibbing. 

He prefers to change the methad for the computer. 
The reasons may be bad or good. Often the 
computer salesman or indoctrinator will present 
as "scientific" techniques which were doped oul 
or whomped up by a couple of guys in the back 
Toom. 





Here ie an example, as told (o me. A friend 
of mine worked in a dress factory where they had 
a perfectly good system for billing and bookkeeping. 
Customers were listed by name and kepl in alpha- 
belical order. The fast pace of the garment indus- 
try meant that companies often changed names. and 
80 various companies had a number of different 
names in the file. This bothered nobody because 
the people understood the system. 


Then management bought e small computer, 
never mind what brand, and hired a couple of guys 
to come in and put the bookkeeping system on il. 


Still okay. Indeed. small programming firms 
can sometimes do this sort of thing very well, 
because they can work flexibly with the people 
and don't necessarily feel committed to making it 
work 2 certain way. 





Well, this was a nice instance where the 
existing system could have been exactly irans- 
ferred lo the computer. The fact that some custom- 
ers had several names would certainly have been 
no problem; a program could have been writlen 
that allowed users to type any acceptable customer 
name, causing the computer to look up the correct 
account (and if desired, print its usual name and 
ask for verification) . 


But no. The guys did not answer employees' 
questions comprehensibly, nor did (hey want sug- 
gestions. They Immediately decreed that since 
computers only worked with numbers (a fib, but 
a convenience to them), every customer would 
thenceforth have to be referred lo by number. 


After that the firm had nothing but trouble, 
through confusion over the multiple names, and 
my friend predicted thal this would destroy the 
company. | haven't heard the outcome. 


This story is not necessarily very inter- 
esting; it merely happened. It's not a made-up 
exemple. 


Moral: until we overthrow the myth (hat 
people always have to adapt (o computers, rather 
than the other way around, things will never go 
right. Adaptations should take place on both 
sides, darn it. 


EVERYBODY DOES IT 


Cybercrud is by no meane the province of 
computer people alone. Business manipulators 
and bureaucrats have quickly learned the tricks. 
Compenies do It to the public. The press, indeed, 
contributes (see Suggestions for Writers and 
Spokesmen. p. 47 ). But the computer people are 
beat al il because they have more technicalities 
to shuffle around magically; they can pul anybody 
down. 


Now, computer people do deserve respect. 
So many things that people do with computers are 
hard. It can be understood that they want to be 
appreciated, and If not for the particulers, for 
the machismo (machinismo?) of coping with intri- 
cacy. But that is no excuse for keeping others In 
controlled ignorance. No man has a right to be 
proud thal he is preserving and manipulating 
the Ignorance of others. 


"If it can't be done in COBOL, 
I just tell people It can't be done by computer. 
It saves a lot of trouble.” 


Attributed to somebody in Rochester. 


BN (See COBOL, p.5| -) 





In the movie "Fail-Safe," they showed you 
lots of fake tape drives wilh the reels constantly 
turning in one direction. This they called a 
"computer." Calling any sinister box "a computer" 
is a widespread trick. Gives people the willles. 
Keeps ‘em in line. 
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You can buy Uttle boxes with blinking 
lighte that do nothing else bul blink. They 
really put people uptight. "Are you recording 
what | say?" people ask. "Ie It a computer?" 
They'll believe such a box is anything you tell them. 


REASONS FORCYBERCLD (4L¢ 84d) 


1) to manipulate situations. 
2) to control others. 
3) to fool. 
4) lo look like hot stuff. 
5) lo keep outsiders from seeing through something. 
6) to sell something. 
7) to put someone down. 
8) to conceal. 
9) general secretlveness. 
10) low expectation of others! mentallty . 
11) seeking to be the broker and middleman for 
all relations with the computer. 
12) vaguenese sounds profound. 
13) you don't have to show what you're not sure of. 
14) your public image ie monolithic. 
15) you really don't know. 


" 


BeaUrieue BUANY Bootes 


Cybercrud is not aimed only at laymen. 
11 can work even among Insiders. 


The operations manager of a national 
time-sharing service, for example, was fanatical 
about cleanliness. In order to assure 4 Clean 
Computer Room, he said, and hence no dangerous 
dust near the tapes or disks, he made a rule 
requiring that anyone entering the computer room 
had to wear cloth booties over his shoes. 

Booties were hung outside for those who 
had to enter. 


"And | had the greatest time making h 
says his wife, laughing. "With the cutest little 
bunny faces on them. The buttons were the 
hardesl part to get-- you know, the ones with 
eyes that roll!" She laughs very herd as she 
tells this. 





"Of course there was no need for it," he 
now chortles, "but it sure kept people out of the 
computer room.” 


(Thal's applied logic for you.) 


ios eee 


COMPUTERS 
AND THEIR PRIESTS 


First get it through your head that computers are big, 
expensive, fast, dumb adding-machine-typewrilers. Then 
realize that most of the computer technicians that you're 
Hkely to meet or hire are complicatore, not simplifiers. 
They're trying to make il look tough. Not easy. They're 
bullding a mystlque, a priesthood, their own mumbo- 


jumbo ritual to keep you from knowing what they-- and 
you-- are doing.” 


~~ Robert Townsend, 
Up The Organization (Knopf), p. 36. 


-— 


The CAREO-(ULT aSPEcT 


Outsiders are often prey to cybercrud they 
dream up themselves. I once knew a college 
registrar's office where they had been getting 
along fine for years with paper forms. The year 
before the computer was slated to arrive, (hey 
starled using file cards filled out by hand, instead. 
Why? “Well, we thought thet would make it easier 
for the computer. Computers use cards, don't they?" 


Note that referring to a computer as if it were 
a living creature is not cybercrud; to say that 4 
program "looks at” a device, "Iries to” effect a 
procedure, and "goes to sleep." are all colorful 
brief ways of describing what really happens. 
(See Guldelines for Writers and Spokesmen, p. Y]) 


WHET PICKET POVELY 
DOES THIS AGN POSSESS? 
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“fh HASKO 


Cybercrud Is, of course, just one branch of 
THE GREAT GAME OF 
TECHNOLOGICAL PRETENSE 
that has the whole world in Its grasp. 
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we oF Tw MACHINE: 


A DEEP COLTVRAL ENGRAM 


Public thinking about computers is heavily 
tinged by a peculiar image which we may cell the 
Myth of the Machine. It goes as follows: there is 
something called the Machine. which is Taking Over 
The World. According to this point of view 

The Machine is a relentless, peremptory, repetitive, 
invariable, monotonous. inexorable, implacable, 
ruthless, Inhuman, dehumanizing. impersonal 
Juggernaut, bralnlessly carrying out repetitive 
(and often violent) actions. Symbolic of this 

is of course Charlie Chaplin, dodging (he relent- 
less, repetitive, monotonous, implacable, 
dehumanizing gears of a machine he must deal with 
in the film Modern Times. 


Ordinarily this view of The Machine is 
contrasted wilh an idea of a Warm Human Belng. 
usually an idealized version of the person thinking 
these thoughts. 


The Warm 
Machine<~——> _ Human 
Belng 


But consider something. The mode) often 
gves further than this. The Machine Is cold, the 
Humen Being emotional and warm. Yel there Is 
such a thing as being too emotional and warm. 
There is in fact a third type in the schema, the 
belng who goes too far on the same scale. Strangely, 
he has at least three different names, though the 
picture of him is abstractly the same: 


i 


~ 7) 
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The Werm "Bum" 
Mechine Human “Nigger” 
Belng iippie” 





Now, "bums." “niggers” and “hippies” are 
not real people. The words are derogatory slang 
for the destitute, for persons with any African 
ancestry, and for people dressing in certain styles. 
But the remarkable thing about the slang is that 
all three of these derogatory terms seem to have 
the same connotation in our culture: someone who 
is dirty, lazy and lascivious. In other words, 
whatever distinguishes The Machine from the 
Warm Iluman Being is carried (oo far by the bunch 
al the other end. 





In other words, this conceptual continuum 
is a single, fundamental scale in our culture; 
why is unclear. Since most people consider 
themselves-- naturally! -- to be in the middle 
category. it acts as a sort of reference continuum 
of two bad things on elther side. 


It also has another effect: it supplies a 
derogatory way of seeing. On the right-hand side, 
it allows many Americans not lo see, or to see 
only with disgust, the destitule and those with 
African ancestry and those dressing in hippie style. 
But this book isn’t aboul that. 


The left side of the continuum is our present 
concern. There, too, people refuse to see. What 
people mainly refuse to see is that machines in 
general aren't like that. relentless, repetitive, 
monotonous, implacable. dehumanizing. Oh, there 
are some machines like that. particulerly the 
automobile assembly line. But the assembly line 
was designed the way it is because it gets the most 
work out of people. It gets the work it does out of 
people by the way it exerls pressure. 


So here we see the same old trick: people 
building a system and saying it has to work that way 
because it's a machine, rather than because that's 
how I designed it. 


To make the point clearer, let's consider 
some other machines. 


The automobile is a machine, but it is hardly 
the repetitive, “dehumanized" thing we usually 
hear about. It goes uphill, downhill, left and right, 
fast and slow. [t may be decorated. It is the scene 
of many warm humen ectivities. And most impor- 
tantly, aulomobiles are very much the extension of 
their owners, exemplifying life-style, personality, 
id ideology. Consider the Baja Buggy Volkswagen 
and the ostentalious cushy Cadillac. Consider the 
dashboard ornament and the bumper sticker. 

The Machine, indeed. 

















The camera is a machine, but one that allows 
lis user to freeze and preserve the views and images 
of the world he wants. 


The bicycle is a machine, bul one thet brings 
you into personal and non-polluting contact wilh 
nalure, or at Jeasl that stylized kind of nature 
accessible to bicycle paths. 


To sum up, then. The Machine is a myth. 
The bad things in our society are the 
products of bad systems, bad decisions 
and conceivably bad people. in various 
combinations. Machines per se are 
essentially neutral, though some machines 
can be built which are bad indeed, 
such as bombs, guns and death-camps. 


The myth of The Machine Ig a curious aspect 
‘of our Ideology. Is it especially 
American. or world-wide? 


If we ignore this myth we can see each possible 
machine or system for what itis, and 
study how it ties in with human life 
for good or ill. fostering or lousing up 
such things a6 the good life, preser- 
vation of species, love and self-respect. 


E MYTH 
AND THE RORSCHACH 


“The computer is the ultimate Rorschach 
test," Freed Bales sald to me twelve years ego. 
Dr. Bales, a Hervard psychologist, was somewhat 
perturbed by the papers he was getting in his 
seminar on computer modelling in the social 
sciences. Somewhat nutty people in the seminar 
were wriling somewhat nutty papers for him. 


And truer words were never spoken. On 
this point | find Bales has been terribly, terribly 
right. The computer is an Incredible projective 
test: what you see In the compuler comes right off 
the back wall of your psyche. In over a decade 
in the field I have not ceased to marvel at the way 
people's personalities entwine with the computer, 
each making it hia own-- or rejecting it-- In hls 
own, often unique and peculiar way, deeply re- 
Necting his concerns and what Is in his heart. 
Yes, odd people are attracted to (he computer, 
and the bonds that hold them are not those of 
casual interest. 


In fact, people tend to identify with il. 


In this light we may consider the olten- 
heard remarks about computers being rigid, 
netrow, and inflexible. This is of course true in 
a sense, but the faci (hat some people stress it 
over and over is an important clue to something 
about them. My own impression is thal the people 
who stress this aspect are the comparatively rigid. 
narrow and inflexible people. 


Other computer experts, no less worthy. 
tell us the computer is a supertoy, the grandest 
play machine ever to be discovered. These 
people lend to be the more outgoing, generous 
and playful types. 


In a classic study, psychiatrist Bruno 
Bettelheim examined a child who thought he was 
a machine, who talked in slaccato monosyllables . 
walked jerkily and decorated the side of his bed 
with gears. We will not discuss here the prob- 
able origins and cure of this complex; but we 
must consider that identifying with machines is 
a crucial cultural theme in American society , 
an available theme for atl of us. And it well may 
be that computer people are partaking of this same 
self-image: in @ more benign form, perhaps. a 
shift of gears (ae it were) from Bettelheim's 
mechanical child, bul still on the same track. 





Some of the computer high-chool kids I've 
known, because of their youth, have been even 
more up-front about this than adults. 


1 know one boy, for instance, whose dream 
was to put a 33ASR Teletype on wheels under 
radio control, and alarm people at the computer 
conference by having it rol] up to them and clatter 
out questions impersonally. (If you knew the kid 
-> aloof and haughty~seeming-- you might think 
that’s how he approaches people in real life.) 


I know a high-school boy (nol 4 computer 
expert) who programmed a computer to type out 
a love story, using the BASIC "print" command, 
the only one he knew. He could not bring 
himself to write the love story on paper. 


The best example I can think of, though, 
took place ai the kids' booth (see p.'t7) ata 
compuler conference. One of the more wilhdrawn 
girls was silting al an off-line video terminal. 
idly typing things onto the screen. When she 
had gone a sentence remained. It said: 


[love you all, but at a distance. 


4 


(On the other side of this book, Dream 
Machines, we will carry thie malter further. 
The most exciting things in the computer field 
are coming from people trying to realize their 
wildest dreams by computer: artificial intel- 
ligence, compuler music, computer picture- 
making and 80 on.) 
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THE POWER AUD THE GLORY 


Forget what you've ever heard or imagined 
about computers. Just consider this: 


The computer is the most general machine 
men has ever developed. Indeed, it should be 
called the All-Purpose Machine, but isn't, for 
reasons of historical accident (see nearby) - 
Computers can control, and receive information 
from, virtually any other machine. The computer 
is not like a bomb or a gun, which can only des- 
troy, but more like @ typewriter, wholly non- 
committal between good and bad in its nature. 
The scope of what computers can do is breath- 
taking. Mlustrated are some examples (although 
having all this happen on one computer would be 
unusual). It can turn things on and off, ring 
bells, put out fires, type out on printing machines. 


Computers are incredibly dogged. Compulers 
can do things repeatedly forever, or an exact, : 
immense number of times (like 4,901,223), doing Oi) 
something over and over, depending on whether Refin 
it's finished or not. A computer's activities 
can be combined in remarkable ways. One activity, 
repeated over and over, can be part of another 
activity repeated over and over, which can be 
a part of still another activity, which can be 
repeated ad infinitum. THERE ARE DEFINITE 
LIMITATIONS on what computers can do, but 
they are not easy to describe briefly. Also, some 
of them are argued about among computer people. 
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A HELPFUL COMPARISON 


It helps sometimes to compare computers with typewriters. 
Both handle information according to somebody's own viewpoint. 


Nervous Question 


"Can a Computer 
Write a Poem?" 


Helpful Parallel 


"Can a Typewriter 
Write a Poem?" 
(Sure. Your poem.) 
"Can't Computers Only "Can't Typewriters Only 
Behave Mechanistically?" Behave Mechanistically?” 
(Yes, but carrying 
out your intent.) 
"Aren't Typewriters 
Completely Impersonal?” 
(Well, it's not like handwriting, 
but it's still what you say.) 


"Aren't Computers 
Completely Impersonal?” 
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THE ALL-PURPOSE MACHINE 


Computers are COMPLETELY GENERAL, 
with no fixed purpose or style of operation. 
In spite of this, the strange myth has evolved 
that computers are somehow "mathematical." 


Actually von Neumann, who got the general 
idea about as soon as anybody (1940s), called 
the computer 


THE ALL-PURPOSE MACHINE. 


(Indeed, the first backer of computers after World 
War II was a maker of multi-lightbulb signs. It 

is an interesting possibility that if he had not 

been killed in an airplane crash, computers 

would have been seen first as text-handling and 
picture-making machines, and only later developed 
for mathematics and business. ) 


We would call it the All-Purpose Machine 
here, except that for historical reasons it has 
been slapped with the other name. 


But that doesn't mean it has a fixed way 
of operating. On the contrary. 


COMPUTERS HAVE NO NATURE 
AND NO CHARACTER, 


save that which has been put into them by whoever 
is creating the program for a particular purpose. 
Computers are, unlike any other piece of equipment, 
perfectly BLANK. And that is how we have projected 
on it so many different faces. 
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Meny ordinary people find computers 
intuitively obvious and understandable; 
only the complications elude them. Perhaps 
these intuitively helpful definitions may help 
your intuition as well. 


1. Think of the computer as a 
WIND-UP CROSSWORD PUZZLE. 


2. A COMPUTER IS A DEVICE FOR 
TWIDDLING INFORMATION. (So, what kinds 
of information are there? And what are the 
twiddling options? These matters are what 
the computer field consists of.) 


3. A computer is a completely general 
device, whose method of operation may be 
changed, for handling symbols in any 
specific way. 








THE DEEP. DARK SECRET 


THE MAGIC OF THE COMPUTER PROGRAM 


The basic, central magical Interior device 
of the computer we shall call a program follower. 
A program follower is an electronic device (usually) 
which reads symbols specifying operatione, carries 
out the step each specifies and gues on to the next. 


The program follower reads down the List 
of Instructions in the program, taking each Instruction 
4n turn and carrying It out before it goes on to 
the next. 


Now, there are program followers that Just 


do that snd nothing more; they have to stop when 
they get to the end of the list af instructions. 


ae 


A true computer, however, can do several 
things more. 







PRINCIPLE {-! 
THE 


PROGRAM 
LOOP 


11 can Jump back to an earlier point 
In the program and go on from there. Repeating 
the program in this fashion Is called a loop. 


It can perform tests on symbols in 
the memory-- for instance, to see if a loop 
has been done enough timea, or Lf some other 
part of the job has been finished-~- and jump 
to some other program depending on these 
gymbols. This Is called a branch. 








fence 2. 
THE PROGRIM 
BRANCH 


Finally, the computer can change 
the Information stored in memory. For Instance, 
It can place an answer in a epecific part 
of memory. 


WHAT, THEN, 15 A (Digital) COMPUTER? 


A device holding stored symbole 
in a changeable memory, 
performing operations on some of those symbole 
in the memory, 
in a sequence specified by other symbole 
In the memory, 
able to change the sequence 
based on testa of symbole in the memory, 
and able to change symbols in the memory . 
(or example, do arithmetic and 
store the result in the memory.) 


Rather than try to ellp It to you or prove 
ft in some fancy way, let's just state baldly: the 
power of such 4 machine to do almost anything 
surpasses all previous technical tricke in human 


history . 


HOW CAN A COMPUTER CONTROL 
SO MANY DIFFERENT THINGS? 







Answer. Different as they may seem, all 
devices are controlled in the same way. Every 
device has an interface, that fa, its own special i 
connection setup, and in this Interface are the ake] Te baby matching, 


device registers. 
“ulhatere Tums You On," 
These device registers look the same to the suid ts dad 
computer: the computer program simply moves . 
Information patterns into them or moves information 
patterns from them to see what they contain. 





PRUNCITLE §: 
ALL DEViegs 
Look Alike. 


" Wheat yan THlerface 2" 





Con- INTERFACE 
heart patient 
tv- i particular symbolle signals | oi) refinery 
TER dprvce ray:ftere the device needa mualeal instrument 
t — display screan 
disk memory 


The computer, being a machine, doesn't 
‘now or care that device register 17 (say) controls 
a hog feeder, or device register 23 (say) receives 
information from emog detectors. Hut what you 
choose, in your program, to put into device register 
17, controls what the hogs eat, and what comes 
into device register 23 will tell your program, 
you hope, about smog conditions. Choosing how 
tp handle these things in your program is your 
business. 
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HOW DOES THE LOOP WORK? 


The computer does things over and over 
by changing a stored count, then testing the stored 
count against another number which [s what the 
count should get to, and going to the beginning 
if the desired count has not been reached. This 
is called a loop. (if there's no way it can ever 
get out, that's an endless loop.) (Actually, the 
program loop is done the same way as @ program 
branch: IF a certain count has not been reached, 
It branches BACK to the start of the loop.) 





Other thinge besides programs may be etored 
in the memory. Anything besides programs are 
usually called date. 





The instructions of programe use the data in different 
ways. Some programe uee a lot of dala, same use 

a Httle, some don't uee any. It is one of the fascinating 
and powerful things about the computer that both 

the instructions of a program, and the data they work 
on, are stored aa patterns of bits in the same memory, 
where they can be modifled aa needed, Indeed, the 
progrem can modify its own patterns of bits, a very 
important feature. 


WHAT DO PROGRAMS LOOK LIKE? 


In what forme are these programe stored, 
you ask? Well, they are written by people in computer 
languages, which are then stored in some form in 
the computer's fast core memory, where the program 
follower can act on them. But what does a computer 
Janguage look Ike, you ask? Aha... 


Go YO PAGE Ib 


it you went to see what the bottom-most level looks 
lke, with al} the bits and things, skip ahead to pw.) 


WHATEVER IT MAY DO IN THE REAL WORLD, 
to the computer program 
it's just another device. 


ANALOG COMPUTERS DISPOSED OF 


There are two kinde of computers: analog 
and digital. (Also hybrid, meaning a combination. ) 
Anelog computers are so unimportant compared to 
digital computere that we will polish them off in 
@ couple of paragraphs. 


"Analog" ie a shortened form of the word 
"analogy." Originally an "analog" computer was 
one that represented something In the real world 
by some other sort of physical enactment-- for 
Instance, building a model of an economic system 
with tubes and liquide; this can demonstrate 
Keynesian economic principles remarkably well. 


However, the term “analog” hes come to mean 
almost exciusively pertaining to measurable 
electrical signals, and an “analog computer" is 
a device that creates or modifies measurable 
electric signals. Thus a hi-fi amplifier Is an 
analog computer (It multiplies the signal), a music 
synthesizer is an anelog computer (it generates 
and reshapes analog signals). Thue the term has 
deteriorated: almost anything with wires is an 
analog computer. 


Analog computers cannot be truly programmed, 
only rewired. 


Analog equipment ie useful, important and 
Indispensable. But it is simply not In the same 
class with digital computers, henceforth called 
"computers" In this book, which manipulate symbols 
on the basia of changeable symbolic programa. 


"Analog computer” also means any way of 
calculating that involves measuring approximate 
readings, like a slide rule. 


LET'S CALL % SPADE ASPRDE 


it's awfully easy to fool people with 
simple words, let alone buffelo them with welrd 
technicel-sounding gab. The thing about tech 
talk Is that it can really be epplied to any ares. 
‘The trick les in the arrangement of boxcar 
adjective nouns, and In the vague use of windy 
terms that have connotetions in some particular 
technical area-- ey, the space program. 

Just oonaider. We might call ¢ common 
or garden spade-- 


A PBRSONALIZED BARTH-MOVING 
BQUIPMENT MODULE 


A MINERALOGICAL MINI-TRANSPORT 


‘A PERSONALIZED 6TRATEGIC TELLURIAN 
COMMAND AND CONTROL MODULE 


AN AIR-TO-GROUND INTERFACE 
CONTOUR ADJUSTMENT PROBE 


A LEVERAGED TACTILB-FEEDBACK 
GEOMASS DELIVERY SYSTEM 


A MAN-MACHINE BNERGY-TO-STRUCTURE 
CONVERTER 


A ONE-TO-ONE INDIVIDUALIZED 
GEOPHYSICAL RESTRUCTURIZER 


A PORTABLE UNTTIZED EARTHWORK 
SYNTHESIS SYSTEM 


AN ENTRENCHING TOOL (Firesign Theater) 
A ZBRO-8UM DIRT LEVBL ADJUSTER 
A FHEDBACK-ORIENTED CONTOUR 
MANAGEMENT PROBE AND 
DIGGING SYSTEM 
A GRADIBNT DISEQUILIBRATOR 


A MASS DISTRIBUTION NEGENTROPRIZER 


we A EITHLL SYSTEM 


AN EXTRA TERRESTRIAL 
TRANSPORT MECHANISM. 


Spades. not words, should bs used for 
shovelling. But words should help us unearth 
the truth. 





In the computer fleld, the sams things ere 
often called by different nates (for instance, 
(be 1BM 1800, @ fairly ordinary minicomputer, 

Is called by them the “IBM 1800 Data Acquisition 
and Control System"), differen! things ara often 
called by the same names, and things can be 
inmide-out and upside-down versions of each 
other in extreordinary variety. (Indeed, compu- 
ter people msy find this book inside-out, which 
ls okey with me. Life Ls « Klein bottle.) 


Sorting things out. then, means having a 
few basic concepta clear In your mind, and 
knowing when you ses examples and variations 
of nem. 


Computer people often say that to underscand 
computers you have to have a “Logical mind.” 





There's no such thing. But saying such things 
ineimédates many, eepectally chose vho have 
been told thay do noe have "logical minds.” 





What ta meant, actually, ta indeed important: 
tn working with computers you must often vork 
out the exact ramifications of spectfte combi- 
nations of thinge, without skipping steps. 








the intuied 
ald too. 


But the other node of thinkin, 
has ite place in the computer 
Whichever your habitual ety 
offer you food-~ and utenstte-- for thought. 
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HORRIBLE MISUNDERSTANDINGS 


Sous people think of computers as things 
thal eomehow mysteriously digest and asaimilaie 
all knowledge. “Just feed It to the computer,” is 
the motto, But what you feed into the computer 
just afta there unless there's « program, 





"Bow would you do thal by computer?” Ls 
| questian peuple often ask. The question should 
be. “how would you do that at all?" [f there Ls 
a method for daing something which can ba broken 
down nw simple steps, and requires no human 
Judgment, than maybe we can take thoes steps 
and program them on a computer. Bui maybe we 
can also think of « simpler way to gv them done. 


‘Then there is Lhe Idea that « compuler Is 
mmpething you ask questions. This emsumes, [ 
Quess, the earlier premise, that the computer 
has already digested and assimilated a lot of 


stuff and can sling {1 back of you in new arrange 
mants. 


Actually what must happan, to get 
"questions" answered, {s this: there srust be 
some program thal puts input material into « 
data structure. (Gee "Daia Structures.") Then 
you bed programs that will count end trace, 
or whatever, through the deta structure In ways 
bathed ‘Then you need a way to siart thesa 
tracing-and-searching programs throu 
the data structure in aye you went. eo poate 
Need @ program accepting Input from « keyboard, 


Gr whatever, and elarting the other programs 
in operation... . 


of mind, computers 
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PUTERS REFINE) 
Gan LIKE CAMERAS AND CARS 


Just the way everyone can understand cameras, viz.: 
“A camera in a device you point at something 
te willfully capture Ite appearance." 


Just the way everyone can understand cars, viz.) 
"a car Ls a davice people get inside which 
‘then goes somewhere else, under the willful 
control of the driver.” 


Well, how about 
"A computer Le a device which manipulates 


Anformation and external acceseorles, accor- 
ding to a plan willfully prepared by a planner.” 


INSPIRATION 
MISCELLAN 


| 
| 
| 
| 
| 








Conevren, ORATOR 


Input typists (also called 


keypunch operators) 
are clerks who copy information 


into thu computer (on terminals) 
or onto something the computer cen read 
(punch cards, magnetic dish, etc.) 







causa users put chinge In themselve: 





rotating machinery. 


A HALVE USER (no offense) 
As an ordinary person 
who do 





Creating programs to help him 
of comput ing. 





WHAT YOU'VE SEEN PROBABLY WASN'T 
"A COMPUTER." 





one system you've seen showed you what 
Computers Are Really Like. Computer sysieme 
can be as different externally es bats and whales. 
(Yet It's the same kind of heartbeat, but thal's 

no halp in dealing with them.) 


i 
! 
' 
| Get out of your head the notion that some 


Then what is It computer people know. 
you may ask, that lesde them to understand 
new systems quickly? Aha. Computer people 
simply adjust faster to whole new worlds. 


a 
© 


>) 


USING A COMPUTER 
SHOULD ALWAYS BE EASIER 
‘THAN NOT UBING A COMPUTER. 


141 tan, you 
(or your company, or your state) 
may have been sold » bill of goods. 
OR Uney may have decided 
your inconvenience le less important 
than something alee. 
In any case, you have a right to oak 





THE DAMNED LIE 


“Computers are rigid and Inhumen.” 
A BETTER APPROXIMATION 


People are sometimes (a1 too often) 
Figtd-end inhuman. (Machines and 
animals are nonhuman-- the tera “in- 
human" applies only to people.) 





“Rigid and inhuman" computer systems 
are the crestion of rigid and Inhuman 
people. 


computers cannot do (see 
ple, Indeed, think thei 
puters do not already 





" need to know any of these things 
in order to do something useful wich the computer. 


FICTIONS ABOUT WriAT COMPUTERS DO 


Many people suppose there 1s nothing 
. 45); some peo- 
is nothing com- 





A couple of years ago, a leading 
picture magazine carried « piece a- 
bout Stanford's Artificial Intelli- 
gence Laboratory, claiming that one 
“Shakey the Robot” had been developed 
to near-hunan intelligence and capa- 
bilities. This was pure bosh 
repudiated in the computer m 
but 9 lot of people Out There in 
Readerland believed It. (See “The 
God-Builders," flip side.) 














Once I had a long discussion with 
a somewhat wild-eyed young woman who 
believed that the government was noni- 
toring her braln with computers. I 
think I persuaded her that even if 
this were feasible it would cost th 
government tens of thousands of dollars 
to do it, and that probably no existing 
jovernment agency was that interested 
in her thoughts, I'm not sure she was 
persuaded. ares 








OUTER POTLE 
sau ower 


Computer oparatore turn ‘eu on and off, 
chenge programs, 





RRYPUnicH OCA 





for what the computer 
ta to do, 

then change thes 
CLL thay vork. 


se Lf thay wear cles, 
so an not to get pulled into 





ie the frontier 





“The Interstate wes bumper-to-buaper, 
but after we hed lunch at the rest stop it 
cleared up till we got to the tollbooth. 
Then Ilarry got lost on the Interchange, 
and we had to double back on the service 
road.” 





How incomprehensible to someone from 
1908. Yet how siople-minded when you un- 
derstand it. That's how th com- 


puters. op er ae 


Computer talk sounds so strange and 
incomprehensible to you folks out th 
yet to us in here Lt's often as sinp: 
the lines above-- if you know the funds 
mental concepts, 














And nothing in the normel everyday 
world will have prepared you for them, 


It's not jargon, but the 5 
way to express thoughts in th 








WHAT 18 THIS SYSTEM ABOUT? 
Hendy questions to elze up 
what a computer ls suppased 
‘be doing. 
‘Wat data does ft contain? 
Where Ls the data stored’ 


What other date will It 
Unk up to 


What Information 


can reasonably 
be derived from that? 


Whet are the key 
Input and output devices? 


In what forms 
does information 
go In and out? 


‘What do you suppose 
Urey might want to know? 





| THE AUTOMOBILE ANALOGY (more) 


Tie NeW Fra 


A new era in computers is dawning. 


The first, or Classic, computer ora 
used straightforward equipment and work- 
ed on straightforward problems. 














cueur 


nares 


CUSIC ComrYER 
Gee tr") 


The second, or Beroque, computer 
era used intricate equipment for hard- 
to-understand purposes, tied together 
with the gre: test difficulty by com- 
puter pro ionals who couldn't or 
wouldn't explain very well what they 
were doing. 


BARHQUE COMMER (ive Hp 39-4 





PARSS © putros 
4 WMinges me 


(CICS , BoP 
Gyan,” 


No one com- 


But a change is coming. 
pany or factlon 1s bringing it about, al- 
though some may feel It is not in their 


interest. I would llke to call it here 
the DIAPRANOUS age of the computer, 


By “disphanous" I refer both to the 
transparent, understandable character of 
and to the 
computers will be showing us 
everything (dla-, across everything, 
phainein, to show). (he later est nc fyude) 


In the first place, COMPUTERS WILL 
DISAPPEAR CONCEPTUALLY, will become 
“transparent", In the sense of belng 
parts of understandable wholes. More- 
over, the “parts" of a computer syste 
will have CLEAR CONCEPTUAL MEANING. 
In other words, COMPUTER SYSTEMS WILL 
BE UNDERSTANDABLE. Instead of things 
being complicated, they wlll become 
simple. 








Now, many people think computers ere by 
their nature incomprehensible and complicated-- 
unfortunately, that's because they have been 
MADE TO BE. Usually this is unintentional, 
but I fear not always. EXAMPLE. Instead of 
being told, "this is the mysterious XYZ conput- 
er, it has'to have things Just so, you have to 
fill out these RHQ forms to go into the V34...", 
you wlll hear such surprisingly simple things 
as “This system is set up for keeping track of 
who owes what to the company. On the screen 
you can get ists of accounts and outs tanding 
bills and who owes them; if you point at one 
with the light pen, the printing machine over 
here will print @ bill all set to go in the 
envelope.* 








In other words, systems will increasingly 
have UNDERSTANDABLE PARTS WITH UNDERSTANDABLE 
INTERCONNECTIONS ,* 







share repre es, 


use TRUD ARLE Fag 


rafter Rim fe 


What is responsible for this remarkable 
change? 





For one thing, smaller and smaller com- 
panies are buying computer services, and they 
won't stand for ridiculous complications. 

For another thing, a number of people in the 
compu field ha: gotten sick of systems 
that make things hard For people. Finally, 
the price of computers, especially micro- 
processors (see p. ) are coning down so 
fast that they can be teilored to fit people, 
rather than vice versa, But most of all, 
it's jus “gine, u all. 
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er 
NTERACTIVE SY 
aL RCTIVE SHSM 


Used to be thet ordinery people had to 

deal with computers by filling out intricate 
forms, which vere then translated into punch 
cards. The forms put things in welrd cate- 

gorles (see “Coded-Down Data," p. “uy .) 


No longer. 


Anyway, no longer necessary. 


Computer systems now give you action, 
excitement-- and explanations. 





This is done through the magic of the 
TERMINAL. Terminals come in two conspicuous 
flavors (typewriter and screen or “boob tube") 
and also have two less-noticeable divisions 
("Teletype" or “industry” versu: ) 








Anyway, a terminal is 3 
allows @ person and @ computer to type at each 
other. 





Now, computers are merely gadgets for 
twiddling information. They no more under- 
stand English, or humen psychology, than 
puppies can read music. (See “Artificial In- 
telligence,” p.\{-15) But the computer's prog- 
an, for instance, direct the computer to 
type out @ simple question, and compare the 
user's answer with a simple set of alternatives. 
For example, suppose the user is visiting a hos- 
pital. A computer can sign him in without the 
abrasivencss of a receiving nurse, and with far 
more patience. The following might be a sample 
dialogue. (llere the computer types what's in 
caps, and the users replies are In lower-case.) 

















bo You AVE AN ACUTE PAIN? (Y¥, N, DK) 


YOUR ANSWER IS: DK FOR "DON'T KNOW." 
DOES THAT MEAN YOU'RE NOT SURE 
WIIAT 'ACUTE’ MEANS? (ANSWER A) 
A PAIN COMES AND GOES? (ANSWER B) 
YOU HAVE A PAIN SORT OF ON THE 
BORDER? (ANSWER C) 


c 
IS THIS PAIN IN AN EXACT PLACE YOU 
CAN IDENTIFY? (Y,N,DK) 
Y 


An interactive system of this kind is call- 
ed @ conversational system,in that it “converses” 
with the user. e secret is tl the alterna 
thves in the computer prog 
fully worked out beforeha 
falls when there are too many alternatives, as 
when such conversational systems ere used for 
teaching (see pp. dm IS-14 )- 


Here is a straightforvard example: a systen 
I wish 1 had for balancing @ checkbook. Note 
that the inner program for this conversational 

m could be written’ In any of the three lan- 
es presented later. 

















A terminal is sinply 
any device by which 

@ person and @ computer 
can type at each other. 


ay >. 
A. 


ids love termi 

ts one @ video 
terminal or keyscope 
(eee p. OM IDRD. St 
allova the computer 
to present tertual or 
numeric information, 
play games vith you, 
quie you for infor- 
mation in a good-guy 
system, on uhatever 
depending on the 
progran, of courec. 









More expensive scopes 
for computer displays) 
allow piceorial ant 
mation under the wi 
control {discussed 
throughout flip eiue). 
THE MAIN THING TO 
UEDERSTAND: waat they 
do ts dectded by hunan 
beings, not "ectenttsec 
prenctples.” Hunan 
beings taxe note. 





r'e 











WUIAT PROGRAM WOULD YOU LIKE TO RUN? ckbk s Ff 

CHECKBOOK PROGRAM STARTS. Pipes on available 

DO YOU WANT TO PROOF TIE NEW STATEMENT FOR compicers here: nare 
MARCH? y are discussed in 

PLEASE LIST TIE CHECKS THAT HAVE COME IN. the next spreads 
231, 239, 240, 242, 244, 245. more dt eplay: fer inate 

SUM OF INCOMING CHECKS IS $345.72. DO YOU discuaned pot 18 
WANT BREAKDOWN? —n 

PRESUMABLY BANK IS CIIARGING YOU .60 FOR 
SIX CHECKS. ALSO MONTIILY CIIARGE OF 
FIFTY CENTS (PLEASE CONFIRM). y 

ARE THERE ANY OTHER BANK CHARGES THIS 
MONTH? on 

ARE TIIE FOLLOWING DEPOSITS ON THIS STATE- 
MENT-- MARCH 1 SALARY, $854.00? y 
GIFT FROM AUNT AGATHA, 14 MARCI, 
$25.00? on 

TOTAL ON STATEMENT SIIOULD BE $1753.21. 7 bul cen’ 
PLEASE CONFIRM. y Below: ‘a eager 

YOUR CURRENT FLOAT IS $656.75. 0 YOU WANT ose din ta ceM ‘ 
BREAKDOWN? y nooxed up to the rain 

CURRENT FLOAT AS FOLLOKS-- Pate pgs pig eee 
NO. 241 IRVING'S RECORDS 7 MARCH $ 6.75 Pe ele el ts de 
NO. 243 SINISTER §& MALADROIT (LEGAL University of Sond 

FEES) 12 MARCH $600.00 what each person does 

















at ate terminal 

mer aye MAR ee 20.00 ie normally independent 

NO. 247 SAM GRONK (REPAYMENT) of what any other pereon 
14 MARCH $ 30.00 doe, through tine- 





sharing of the main 
addled computer. Inecailationa 


more euited to time~ 
sharing can have Large 
numbere of terminals, 
all over a canpus, a 
company op the orld; 

eee Tine-Sharing, p. 43. 


TOTAL 
ARE YOU DONE WITH CHECKBOOK PROGRAM? y 





(The part shown above is easy. Thinking 
out the ways for the user to correct his re- 
cords, and/or the bank, is the tough part.) 


COMPANIES THAT WILL SET UP MIIOLE 
LITTLE BUSINESS SYSTEMS 


A number of companies make minicomputers 
(partial list on p. 43); however, companies 
who want business systems built id mini- 
computers may want to ip 
that will put together whole business systeus 
for them around minis. 








(It is hoped that one contribution of 
this book will be to give the reader a better 
ides of what to ask for.) 


Two companies that seem to be in this 
business are: 


Genesis One Computer Corporation, 
9 Park Ave., NY 10016. Appears 
to use BASIC language (see pp. 1 

Qantel Corp. (offices in five major cit- 
ies). Sells @ minicomputer of their 
own manufacture, using @ language 
called QIC (Qantel Interactive Code), 
which a salesman tells we is "just 
like BASIC" (seo pp. 1 7). Mini- 
mum setup includes a display terminal, 
printer, computer and 6-million-cher- 
acter disk, at $31,000. 








7). 








JWE MIRACLE OF OVER- THE -PrHome TERMINALS 
(bene people ge ape jut Te see Be tyemter ny by trelf) 


"Modem" takes the terminal's pulse code 

and warbles it into the phone as audible 
tones. The computer answers with siniler 
warbles and tweedling; the aodem converts 
that back into alph 





RS-232 ts the standard interface. 









Motto 1 for the new era: 
USING A COMPUTER SIIOULD ALWAYS 
BE EASIER THAN NOT USING 
A COMPUTER. a 
Motto 2 for the new era: 


TUE NEW FRONTIER IN COMPUTERS IS 
CONCEPTUAL SIMPLICITY AND 
CLARITY. ~~ sts 





People who delight in intricacy are going to 
have to learn some new tricks. Internal in- 
tricacy is fine, as long as the user doesn't 
have to deal with it. 


Motto 3 for the new era (to computer 
people): 


MAKING TILINGS EASY 1S HARD. 
Motto 4 for the new era; 
ANY SYSTEM FOR A SPECIFIC PURPOSI: 


SHOULD BE TEACHABLE IN TEN 
MINUTES OR LESS. 





Anyone who has been taught the use of 
some fixed-purpose conputer systen, such as 


an airline reservation systen, may doubt this. 


Gut perhaps this book will clarify things 
somewhat, 


4 "GOOD-GLY SYSTEM” 
Je a conversational 


computer uysten that Is 


CLEAR, 
EASY TO USE, 


AID FRIENDLY. 


ANY MAN OF COMMON SENSE CAN 
DESIGN A COMPUTER SYSTLM FoR 
A _PURPUSE IMPORTANT TO ILIM: 
the data structure, forns of 
infornation, general opera- 
tions, record-keeping, and 
responses to on-line users. 


But for sone reason this is 
generally kept a secret. 


“JOE TURKEY USER™ 


A good friend of mine, Jordan Young. 
aa a former R.E-S.1.5.7.0.8. (see p. 17) 
and now & systems prograrect (ame p. ¥5! 
on the mighty Dartmouth tloe-sharing sye- 
vem, TSS. (see p. YS.) 


Jordan tell 
important people 
individual named Joe Turkey User. 
timable personage knows hardly anything 
about computers, makes a lot of mistakes, 
thinks he understands what you tell his 
when he doesn't. tends to hit che wrong 
keys on the terminal, and in general tends 
to acrew up. 











But the motto up there is: “If it's 
ot simple enough for Joe Turkey User-- 
it's too complicated.” 


DTSS Le @ goad-guy systen. 


YOUR FIRST COMPUTER CONTACT 


When you Ciret sit at = computer terminal, 
the feeling is one of sheer terror. Sweat and 
chille, jumpiness and sudden clumsy nervous 
motions, lunatic absentaindedness and ecammering 
(ear and avkwardness interfere with your ability 
to function or tand the person who (6 
helping you. 








It's perfectly normal. 








Hoda PUTER OW FRences 


200 00000000 


YOU CAN HANG A TERMINAL 
EITHER ON & MINICCAPOTER (cee po) 
OR & BIG ComPuTER (see p. 7). 


(that Lt does, of cou 
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THE MOST IMPORTANT COMPUTER TERMS FOR TIE ‘70s 


Here are some phrases that will count in the 
new era of computing, when we will run into 
more and more computer systems set up for 
particular purposes. 





on-line 
connected to a functioning computer. 
(Note that the computer may be in the 
typewriter or desk itself.) , 
(As distinct from off-line, setting 
things up for processing Tater.) 
interactive . 
not just connected, but respondi 
you. Interactive systems and programs 
can respond to your choices and requests, 
clarify what they want from you, etc. 
remote 
referring to something far away, as dis 
tinct from local, right where you are. 
A computer Can be either remote or local, 
@.g., on your desk, 
front end (n.), front-end adj.) 
whatever stands between you and @ system 
A front end can be the terminal in your 
office, for example, aA front-end pro 
is one which mediates between ase and 
some other system or program, perhaps 
collecting data for it by quizzing you. 
dedicated 
set up for only one use. A big computer 
at a computing center has to have many 
uses; @ little computer in your office 
can be dedicated. Dedicated computers 
are now hidden in all sorts of things: 
cash registers, for example (see "Micro- 
processors,” p. 44). 
turnkey (adJ.) 
turned on with a key. Especially, 
turnkey systems, smal] computer systems 
thaton Just be turned on (key or not) 
and are fully set up, ready to run, 
progranmed, etc. 











Teal-tine 
responding to events in the world as needed, 
withoue delays. Computer systems that con- 
trol machinery, make airline reservations, 
predict the weather or respond to naive users 
are real-time. Systens that can catch up 
overnight are non-real-tine. 

“intelligent terminal” 
stupid term referring to any object that 
does more than act like a plain terminal, 

The term is stupid because it confuses 
distinctions, Some “intelligent terminals” 
have extra circuits for various purposes 
others contain their own minicomputers 
still others are ordinary terminals con- 
nected to front-end programs. 
user-oriented 
set up for “users"-- people who are not 
programmers or input typists, but who 
actually need something done. 

user level (n.), user-level (adj.) 

“where the user is" mentally; his level 
of involvement. User-level system, 
system set up for people who are not 
thinking about computers but about the 
Subject or activity the computer is sup- 
posed to help with, 

naive user (n.), naive-user (adj.) 
perses who docsn't know about computers 

ut is going to use the system. aive- 
user systems are those set up to make 
Things easy and clear for such people. 
(We are all naive users at some 
time or other; it's nothing to be ashamed 
of, Though some computer people seem to 
think It is.) 

idiot-proof 
not susceptible to being loused up by a 
naive user. 

The hostility in this term may in 
s es be real. Computer people 
Sometimes forget, or do not wish to tol- 
erate, the degree of confusion that naive 
users bring to the keyboard. This atti- 
tude is not just their problem but every- 
body's, since they lay it on us. 

good-guy syst 




















used here for naive-user sys- 
tems that are friendly, helpful, simple 
and cloar. 


stand-alone syst 
system (regardless of purpose) which 

doesn't have to be attached to anything 

else. (May contain its own computer.) 
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io Kays OF TERWINIS 


You would think the fundamental dichotomy 
among computer terminala was between those that 
print on paper and those that show you atuff on 
eacreen. But It lent. (That's like the difference 
batween people and whales-- much greater outside 


than Inelde.) 


‘Actually the fundamental distinction between 
terminals is between ASCII (pronounced "Askey”) 
and IBM terminals. ASCII le @ code and scheme 
of organization which was adopted by "the Indus- 
try,” under the blessing of the Natlonal Bureau 
of Standards, But IBM has pointedly Ignored this 
standerd. 


The principal terminal of the ASCII type. 
In sheer numbers, is the model 39-ASR Teletype 
(trademark of Teletype Corp.), so this kind of 
terminal |s called the "33 ASR type,” or "Teletype- 
type,” or we even ay a given terminal “looks 
to the computer like « Teletype." 






| GSKSR) Be filler madd (3SASR) 






the simpler no. 









_—, 
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IBM. however, seems to Ilke changing its 
jems afound @ lot, for Instance changing ite 
codes when It brings out a new computer. (For- 
lunately. It Juet happens that they also eel adap- 
lers between tham. Whew.) So IBM-type (erminale 
are different by design. 


There is one main type, however, exem- 
plified by the 13M model 2741 terminal. Thus we 
say a torminal je an "IBM-type" or "2741-type" 
terminal. 








Both Teletype- and IBM-type terminsle 
come In either video-s¢reen or printing models, 
from a variety of manufacturers. 


Indeed, even the Selectric (IBM trademery. 


mp5 typing mechaniam appears in some 
Teletype-type terminals. 


There (s » very Important performance 
difference between ASCII and [BM terminals. 
The ASCU terminal can send each cherecter typed 
by the user-- each "keysiroke"-- to the compuler 
immediately. This means that highly responelve 
Programs can be writien, which examine the user's 
Input and can reply Instantaneously. if need be, 
afler anything the user typea. 


IBM-type terminals. however, require » 
“line feed” character or an "end of (ranemiesion” 
character to be typed by the user to make It the 
computer's turn. This locks the keyboard so (he 
Person can't use Il. Then the computer must type 
something, ending with Ite own "unlock" signal 
thet makes It the person's turn agaln. 





Why thle unwieldy design? Supposedly it 
Fesulls from the curious decision, in the design 

of [BM's 360 computer. to make all devices 
Tesemble the card reader es far as the compuler 

is concerned. Just as the card reader reads 
Punched carde till the last one is done, the IBM 
terminal ia designed to send and recelve characters 
until @ "lished" condition Ie reached. 











TYPE RIGHTER 
The Magic Typewrilers 


A number of different systems are coming 
on the market to aid you in error-free typing. 





_IBM would have you call these “word pro- 
cessing systems," since that makes them sound 
of-a-piece with their dictation equipment. Ac- 
tually they're text regurgitation systems, but 
let's just call them Magic Typewriters. 


Prices of these things tend to run between 
$100 end $280 a month. 


Generally these are being sold as secre- 
tarial aids, partly because they tend to be too 
ungainly for use by writers themselves. A 
principal use has been in large law offices, 
“here contracts, wills and such are stored as 
“boilerplate” (standard sections of Document) 
and then modified slightly by the lawyer to 
justify the legal fees. 


Such systems all basically consist of 
three things: 


A typewriter, connected to some sort of 
Bagnetic memory, such as a tape, coated 
card or disk, and 


editing circuitry, which responds to 
vartous acts by the user. 


WHAT THEY DO: allow you to type stuff in, which 
is both typed on the paper and at the same time 
Stored on the magnetic whatever. Small errors 


you correct as you type along, generally b: 
backspacing. sh a me 





Te 
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All are ASClI-type unless otherwlse noted. 

Note: there are hundreds of types and 
brands of terminals available. These are just 
some thoughts. 


Kea sense to own your own: 





PRINTING TERMINALS. 


BEST BUY? The model 38 ASR Teletype 
gives you upper and lower case, and ls otherwise 
similar to the standard model 33. $70 a month from 
RCA Service Company, Data Communications Div. 
(offices in major cities); $15/mo. for the coupler. 
30-day cancellable but costs $50 to put In, $24 lo 
take out, 





There is 4 cute terminal thal behaves just 
Uke (he 33 ASR, but is faster and uses NCR 
pressure paper or a ribbon, interchangeably . 
The Extel Serles A teleprinter from Extel Corp., 
10 Anthony Troll, Northbrook. Ill. 60062. 


If you like Selectrics, but want to go to ASCII, 
(here Is one welrd poasibllity. 


A firm called Tycom Systems Corporation 
(26 Just Road, Falrfield NY 07006) offers an 
interesting alternative, It happens thal all Selec- 
Irics (anyway, Model | and Model II) hav 
around the midriff at which (he typewriter can 
be unscrewed into two sections. Clever Tycom! 
They make @ device which fils between, looks to 
the bottom like the top of the Selectric, and looks 
{o the lop like the bottom. Also, it turns the 
Selectric into a terminal, recelving ASCII codes 
from whatever computer you altach il to and 
ceusing the computer to type them, or aending out 
what you type lo the computer In ASCII. 








Curiously, IBM has given its blessing to 
this arrangement, meaning you can have (his 
sandwich deal done to a Selectric you rent from 
IBM, and serviced under beefed-up 18M mainten- 
ance agreements ($72 per year, or $16.50 per hour. 
as of 1970). 





DISPLAY TERMINALS (see pp. DM 20-1) 
There are naay braals. Sone use video. 


The earlier video terminals came with 
dreadful styling, like a 19406 selence-fiction 
movie. But as an example of how the markel is 
developing. one of the handsomest video terminals 
is the $1300 MinI-Tec from TEC Incorporated. 
9800 North Oracle Road, Tucson, Ariz. 85704. 

Il comes covered with wood-graln contact paper 
and looks very nice. (You should have seen 
their early models.) 





The Hazeltine 1000 video terminal rents 
for $49/mo. on a 1-yesr contract. LOWER-CASE 
OPTION; modem and coupler apparently not 
included. (Hazeltine, Greenlawn, NY 11740, 
with offices all over.) 


4 
diet in ploee, 





If you have no objection to ITT, they offer 
@ portable video terminal wlth built-in modem 
and coupler, the Asciecope. for $65/month. 
Supposedly there's a long w: ting et. UTT 
Data Equipment and Systems Division, East Union 
Ave., East Rutherford, NJ 07073.) 


Yor a cisplay ceratnal tn your car, 
60e Kusiom Electronics, Inc. (aren‘t they (he 
rock-amp people?), Data Communicationa Divielon, 
1010 West Chestnut, Chanute, Kansas 66720. 
‘They've already set up travelling terminals for 
the moblle constabulary of Kansae City (Mo.). 
Palm Beach and Nashville. (Communications. 

Jan. 73, ad p. 47.) Now, of course, you'll need 
= whole stationary radio setup to run that... 
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Varloue firms rent terminals, some on @ 
short-lerm basis. (Some terminal companies 
are bad news, keeping up their equipment badly 
and offering poor service, so watch it.) 


(The day will come, let's hope it's soon, 
that you can rent a terminal overnight or for @ 
weekend like @ movie camera. But lll people 

get @ sense of how far and fest things are moving, 
we'll continue lo schlock along hephezerdly.) 


Unfortunately rental people are hard to find, 
since they are usually local, and the Yellow Pages 
idiotically lump together every possible form of 
computer sales and service under "Data Processing 
Equipment and Supplies." and few firms further 
apecify thelr business In the listing. 





Here are some names (neither endorsed nor 
criticized): 

Computer Planning & Supply, Chicago 

TTS Systems, LA 

Vardon & Associates. Dalles 





A good outfit, that rents both ASCII and 
1BM-type terminals of their own manufacture. is 
Anderson Jacobson Co. (1065 Morse Ave., 
Sunnyvale, Calif. 94086. and major cities). They 
have @ Selectric terminal, for instance, which 
rents for about $100 a month (about the same as 
the standard IBM 2741) but is portable. 


To provide a memory with your ASCII or !BM- 
(BM-type terminal, an odd machine celled the 
Techtran 4100 (about $1000 from Techiren Indus- 
trles, 580 Jefferson Ad.. Rochester, NY 14623) can 
be used for offline storage. It uses a magnetic 
cassette. Here are some things you can do with it: 

type stuff into the Techtran, 

later squirt 11 to a computer at high speed 
receive stuff from a compuler at high speed, 
later type It beck automatically on 
the terminal 
type into the Techtran, correct it, and then 
have It typed back automalically-- 
no computer. 
The question of whether the Techtran can be used 
with the Digi-Log has not been publicly resolved. 





1t happens that Anderson Jacobson (ebove) 
will rent you their 2741-type Selectric terminal, 
with a Techtran, for about $220 a month total. 
But they won't rent the Techiran separetely . 


A 2741-lype Selectric terminal with memory , 
offering these same capabilllies. is now available 
from IBM! [( is the Communicating Meg Card 
Executive (CMC). Since the Mag Card Executive, 
to which they have added the communication 
festure. costs over $200 month, figure the 
communication feature could cost another $100 
or so monthly. or probably half agein as much 
as the Anderson-Jacodson. 


Honeywell (Honeywell Information Systems, 
Wellesley Hills, Mass.) has recently mede 
available a Braille program to be used with 
“standard terminsls" In their systems. (This may 
be the adaptation developed at MIT to do Braille 
on the 33 ASR.) 











For those of us literary types who want 
upper and lower case bul are sluck with I3ASRs. 
@ LOWER-CASE CONVERSION KIT is available from 
Dela Terminals end Communications. Campbell, 
California. 












Sumaliny ote pofevnale 
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FURTHER POOP 


If you're serious about keeping up with 
developments In the terminal area. you might 
want lo subscribe to Terminals Review ($28/yr.), 
highly spoken of by (GML Corp., 
594 Marrott Rd... Lexington. MA 02173.) 





A "CRT Survey" Usting cheracterlstics 
of 110 CRT displays (including both video ter- 
minals and fancier pictorial diapiays-- see Nip 
side of this book) Is avaliable for ten bucks 
postpald from Datapro Research Corp., One 
Corporate Center, Route 38, Moorestown, NJ 
ag0s7. 





Staudard duly termina] 
offered a ten 
fre de® ne rt S77). 

IT's Ma model YTOS, F300, 


VIDEO TERMINALS WITHOUT THE VIDEO 


A very hot Item right now Js # terminal 
called the “Digi-Log"-- actually several different 
models: vallable from Digi-Log Sy: Inc. . 
666 Davieville Ad. , Willow Grove, Pa. 19090. 








This device fits in a briefcase. Basically 
It 9 @ keyboard with a socket for the phone, 
and an antenna wire. You phone the computer, 
drop the phone handset In the slot, and clip the 
wire to the antenna of a TV eel. Presto! On the 
TV set appears what you and the computer type 
at each other. 





This is eepectally good for travelling 
salesmen (to communicate with thelr offices and 
ordering system via time-sharing computer) 
and executlves who do computer work from the 
Toad, Also for people who want to show off 
remote computer systema. 


Disadvantage: only 42 characters per line, 
which is awkward for some things, such as 
programming In Fortran, 





Price: $1200 to $1400. They alao lease, al 
rates as low as $40/month (3 yeara). 


No lower-case as yet. 


Also available on rental, supposedly , from 
Westwood Aseoclates, Inc. . 50 Washington Terrace, 
East Orange, NJ 07017. 


Ann Arbor Terminals, Inc. (Ann Arbor. 
Nich.?) is said to offer « similar unit that is 
very nice. 


The equivalent IBM-type terminal-- keyboard, 
coupler and clip to the TV-- le the IPSA-100, 
offered by 1.P. Sharp Associates, inc. (Bridge 
Administration Bullding, Bridge Plaza, Ogdensburg, 
NY 13669). Unfortunately it’s much lerger than 
the Digi-Log-- it comes in 8 medium-size suitcase 
-- and more expensive ($1700 up). However, 
they offer the APL character-set (see APL under 
"Magic Languages.” p.2 )) as en option-- even 
4 model with both normal and APL cheracler-sets 
4s 8 switch-selectable opUon (costs even more). 





Recently. of all things. plene for a do-it- 
yourself unit of this type were announced in a 
populer electronics magazine (Don Lancaster, 
“TV Typewriter,” Redlo-Elecironies, Sept. 1973, 
43-52). This does not include the full plans, 
whieh are available for $2 (rom TV TYPEWRITER, 
Radio-Electronics, 45E. 17th Si.. New York, 

NY 10003. 











Supposedly this can be built or “around 
$120"-- probably e deal more-- if you are a skilled 
electronics builder or technician, But that looks 
to include a great deal of labor. 





The finished unit holds up to 32 characters 
per line and up to 16 Ines on the screen; a second 
memory can be added. to hold a second alternative 
screenful, 





Upper case only. 





When you want a clean copy-- Presto Wait-o! 
Put in clean paper, start the magnetic whatever 
at the beginning, and the typewriter retypes it 
without a mistake, 


1€ you're lucky. 


Unfortunately some of these systems are 
quite badly thought out. In one or two cases 
I am not sure whether they are designed as they 
are accidentally or on purpose. Neither inter- 
pretation 1s Flattering to the manufacturer. 

I have had extensive experience with two 
of these systems, the [BM Mag Tape Selectric 
and the IBM Mag Card Executive. Suffice it to 
say that if T believed that these systems were 
as cumbersome as they are by accident, then the 
sections in this book on IBM and its products 
might have a very different slant. AS it is, 
these systems require a training period of (say) 
a week, and require such continuous attention 
to their curious mechanics that the user is 
given little opportunity to think of anything 
else. In both cases, in my opinion, the super- 
ficial plausibility of the initial design pren- 
ises knots into tangled ramifications which 
verge on the preposterous. Much of this book 
was written on a Mag Card Executive-- and I'n 
damned sorry I bothered. 


Some systems of this type are: 


The IBM Mag Tape Selectric (MT/ST or MIST). 
Records on sprocketed l¢mm mag filn of the type 
used for movie sound recording, and you have two 
different tapes to get confused between, 


The IBM Mag Card Executive. Records on a 
plastic Ilollerith card (see p.2&) coated with 
magnetic oxide. Variable width of characters 
presents fascinating difficulties. 


The IBM Mag Tape Selectric Composer (MT/S: 
MTSC). Produces lovely results with the Selec- 
tric Composer, a very fancy Selectric. Wut has 
complications well beyond those of the Mag Tape 
Selectric, ven nore variable widths than Mag 


Card Fxecutive. Uses same mag-film cartridges 
as MNTST. 








(Note: for those who like the output from 
the above devices, but appreciate also the rela- 
tive difficulty of their use, there is available 
a computer peripheral device which reads and 
writes these lomm mag tape cartridges. [ don't 
know who makes it, unfortunately.) 


IDM's latest is called the Magnetic Memory 
Typewriter, and seems to store up to one page in 
a hidden memory. Apparently you can't set it 
aside, like the cards or tapes. 


A firm called Redactron makes magic type- 
writers using either cassettes (audio-type) or 
mag cards (like the Mag Card Executive). 


A firm called Savin does the same thing, 
using a Tycom Selectric Sandwich (see under 
“Printing Terminals," nearby). 


Olivetti has one called the S-14 Word Pro- 


cessing System. Their cartridge (a disk?) stores, 


they say, 150 pages of typing. 


Two other outfits in the field are Trendata 
and Quintype. 


Woops! llere comes Sperry Remington! (Sperry 


Remington?) They have one too. 


For those interested in this sort of thing, 


there is an International Word Processing Associa- 


tion (Maryland Road, AMS Building, Willow Grove, 
PA 19090.) 


See also the Flip Side of the book for more 
high-performance text systems. 


COMPUTER LANGULGEY 


are what make computers go ‘round. 


If your computer only did one thing, 
then (o 6tart It you'd only need one bution to 
press. 


If your computer only did two dozen 
(hinge, without variations, then you could 
Jet each operation be started by pressing 
one of the keys of the terminal, and (hat 
would be that. 








But that’s not what | about. 
We have lots of different things that we 
want computers to do, and we wanl one com- 
mand lo work on different verleties of data, or 
on (he results of a previous command, or even 
to chew on another command itself; and o e 
computer language Ia # contrived method of 
giving commands to a computer {hat allows 
the commands lo be entwined in a complex faahlon. 











This means having rules the compuler can 
carry oul and the person can remember. 





This means having basic operations that 
can be built into bigger operations (routin 
subroutines, subprograms, programe). 





Thus a computer language is really 
a method by which a user can tie these 
programs together. Computer languages 
are built according to contrived sets of 
tules for tying programs together. Such 
rules are limited only by the imagina- 
tion of their contrivers. Each computer 
language has its own contrived system of 
rules, and it may be completely different 
from the contrived rules tying together 
any other computer language. (That's one 
reason tor here presenting three differ- 
ent computer languages, to show some of 
the mad variety that can exist.) 








Computer languages tend to look like 
nothing else you've ever seen. Thus con- 
puter programs, which of course have to 
be written in these computer languages, 
look pretty weird. Some programs look 
like old train schedules (in multiple 
columns). Some look a little like prin- 
ted poetry. In any case, a COMPUTER PRO- 
GRAM NO MORE LOOKS LIKE ITS RESULT TIIAN 
THAN THE WORD OW" LOOKS LIKE A COW. 





One of the central concepts of this 
book is that of a'"progran follower," a 
dynamic entity which somehow follows a 
program. well, RY LANGUAGE IAS A PRO- 
GRAM FOLLOWER FOLLOWING ITS OWN PARTI- 
CULAR RULES. These rules are contrived 
for convenience, suitability to a purpose, 
and "aesthetics" of a sort-- often sonc 
form of stark compression. (The progran 
followers wired into computers are some 
what more akin to one another; see "Rock 
Bottom," p. 32.) About all we can say 
languages have in common is: EVERY COM- 
PUTER LANGUAGE ALLOWS LOOPS, TESTS AND 
BRANCIIES, AND COMMUNICATION WITIl EXTERNAL 
DEVICES, as mentioned on p. 11. Beyond 
that the differences are incredible. 








So the basic secret of computer peo- 
ple is this: it's not that the necessar- 
ily know so much, but they can adapt to a 
whole new world of possibilities more 
quickly. 


, ee cae 


PROGRAMS VS. SYSTEMS: 
‘A Vague Guldeline (o a Vague Distinction 


A“program® runs on an ordinary computer, without 
necessarily Interacting wlth the outside world; 


a “eyetem” involves a whole setup. of which the computer 
and 4 program In It ere juat the central things. 


"Compurre ExT Edivoes" 


The Moving Finger writes; and, having writ, 

Moves oa: aor all your Piety cor Wit 
Shall lore it back to cance! balf a Line, 

Nor all your Tearm wash out » Word of it, 


Khayyam/Pitagerald 


Numerous interactive programs exist for 
editing text at computer terminals-- in other 
words, for doing what Magic Typewriters do, but 
using a computer instead of a small special- 
purpose machine. 


Unfortunately most of these systems are 
dreadful. Dreadful, that is, for ordinary 
human beings. What computer people seem to 
think of as appropriate systems For handling 
text are totally unsuitable for people who care 
and think a lot about text, although they may 


be good For computer programmers. 





Such systems allow you to insert text 
(with some difficulty), delete (with some dif- 
ficulty), and rearrange (maybe). 


Ordinarily the user must learn an explicit 
command language, some system of alphabetical 
commands that have to be typed in to effect any 
change in the material. Programmers think this 
is good for you and toughens the mind. 


THREE [QUICKIE] 
COMPUTER LANGUARES 
FOR Pou 


Everyone should have some brush with 
computer programming, just to see what it | 
and isn't, What it is: casting mystical spel 
in arcane terminology, whose exact detalls 
have exact ramifications. What it isn't: talking 
or typing to the computer in some way thal re- 
quires Intelligence by the machine. What It is: 
an Intricate technical art. What it isn't: science. 











Why three languages? Because one would 
look (oo much allke. Only by perusing several 
do you get any sense of the variety they (ake. 


These three languages make it possible 
in principle for you to learn computers 
with no coaching. All you need (in princi- 
ple) is your own terminal, and time-sharing 
accounts with firms running BASIC (most of 
them do), TRAC Language (for availability 
see p. 21), and/or APL (for partial list of 
sources see p. 25). 


Why these three? Several good reasone. 
One. they can be used from a terminal, which 
means thal you could in principle get @ terminal 
in your home and pley with the computer from 
over the telephone. But this is expensive, 
and al worst fraught with sccidental financial 
Mabilitles, so the poselbillty ls minor right now. 
Nevertheless, it should be practical and inex- 
penslve fairly soon. 










Input co computers 
ie quch easler 
fron interactive terminals. 


A computer language Ls 
together the fundamen: 
computers for larger t 
language fits together according to its 
ovn principles, based in part on the p 
sonality and preoccupations of the person 
or people who designed it. 





system for tying 
operations of 











Modern computer languages generally can 
handle all the main kinds of programming: 
temt handling, nuaber crunching, storing 


filea on disk mamory and getting then back, 


and controlling whatever external devices 


vou may have. Even making pictures in some 


way or other. 


In this book ve will try to give you a 
smattering of all these. 


5. Each computer 


These languages have been chosen be- 
cause they are ioportant, very different 
from each other, very powerful, influential 
and highly regarded in the field, interac- 
tive from time-sharing systens, and very 
suitable for making interactive prograns 
and "good-guy systens.” 


Each uay be used to create programs 
for science, business or recreation. 


Because these languages can be used 
from a terminal, and thus learned quickly, 
we might call them Quickie languages. 


Note: interactive languages mean you, 
the programmer, can change your program 
from the terminal; interactive programs 

are those which interact with users, which 
is different. tlowever, these languages are 
quite suitable for both. 








Another reason for these three: they 
represent. In a way, several major types. 


BASIC |s a widespread and fairly standerd 
Jangusge-- that is, it is avaliable on computers 
everywhere. Moreover, It looks rather Ilke 
Fortran, which is the most important "scientific 
computer lenguage. 


TRAC Language, though well-known among 
researchers, has mighty powers that are nol so 
well known, Moreover. it achieves its powers 
through the simple and highly consistent following 
of a few simple principles, and is thus both very 
easy to learn and an elegant inteltectual triumph 
for Ite inventor. 


Moreover, it is @ so-called "list language.” 
meaning that {1 can handle information having 
ontremely verled and changing form-- a very 
Importent feature to those of ua interested in 
computer applications like picture-making and 
text handling. which use amorphous and busy 
types of dat (See "Data Structures.” pp. 26.) 








APL is another elegent language, aleo 
worked oul handsomely from certain basic ideas 
by @ very thoughtful and inspired inventor. 


P dren, 
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and you just try stuff. 





In the contemplation of these three lan- 
guages you may begin to see the influence of 
the Individual human mind in the computer fleld, 
quite contrary (o the stereotype. 1 would like 
(o stress here thal each of these three languages 
represents somebody's Individuel pereonal ach- 
ievement. and is in turn @ foundation upon 
which others, writing programs, can bulld 
their own. 


Two of these languages permit the 
creation of interactive programs that work 
on a line-by-line basis; in addition, TRAC 
Language (pp. 19-21) permits the creation 
of systems that react to any character the 
user types in, rather than waiting for the 
carriage return at the end of a line. This 
permits you to program user-level systems 
that are even wore responsive. 


IF YOU'RE SCARED. Don't worry, II's 
not @ test. Flip the pages and look ot the exem- 
ples. (in particular. you might look for the 
ime program which appears in each language: 

@ program to cause the computer to print 
"HELP, | AM TRAPPED IN A LOOP” forever.) 





This book Is organized so you can look 
at it or skip It In any order. so there is no 
perticular reason you have to fight through 
the nent three chapters If you want to pr on. 
But if you want to study these languages, by all 
means do 60. 7 








Languages that can be used from a terminal 
are called on-line languages. There are a num- 
ber of other popular on-lne languages: JOSS 
(he original), FOCAL, LOGO. SPEAKEASY. Um 
just sorry there's no room for them here. 








Some popular non-interactive languages 
are briefly described on pp. 30-31. 





best vay to start programming (6 to have a tereinal running an Interactive Language. 


y a (riend sitting nearby whe already knovs the language and has something elec to do 
} but can be Interrupted wlth quest lone. 


TLL more and more you get the feel of it. 


And find yourself writing programs that work. 


THE BEST WAY “To LEARN. 


seen (ee) 


Tarce Quiche Cnpufer Lanquases: 
TRACE 
APL (pp. 22-5. 











Language pp. 18-24) 





The text is usually stured as a series of 
alphabetical and punctuation codes in the com- 
puter's core memory. The area it occupies in 
the core memory is called a core buffer. 


The program generally gives the user an in- 
aginary "pointer," a marker specifying what point 
in the text the program is currently concerned 
with. 


What is the pointer for? It specifies where 
the operations are to take place. "Insert," for 
example. If text is inserted, it will go into 
the place presently pointed at. 

Many of the commands are concerned with con- 
trolling the current position of the pointer, 
moving it backward or forward by a specific nun- 
ber of characters (including punctuation marks 
and spaces) or lines (known to the program by the 
carriage-return codes interspersed in the text). 


CoAAPUPR ~ST¥LE TREAT SYSTEM. 

er, 

a PIE conmnds wodd do. 
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in this simplified illustration, the poin- 
ter can be noved forward and backward in the 
text by various commands. Typing “B” moves the 
pointer to the beginning. "LE" takes it to the 
end. "L" moves it to the beginning of the line 
it's presently on, and the commands “C" and "L," 
when given with numbers, tell the pointer to 
move Forward or back the specified number of 
positions. For instance: 





3c Move forward 3 characters 
-a€ Move backward 4 characters 
2L Move forward 2 lines 
+L Move backward 2 lines 


and so on, Note that these operations are not 
pod-given, but that the particulars of how they 
ehave and work together are determined by the 
personal quirks of who programmed them. 


Another feature many of these programs have 
is called a “context editor" feature. So-called 
context editing moves the pointer from its pre- 
sent position to the next occurrence of a speci- 
fic string of characters: for instance, the next 
occurrence of the word CII[AROQSCURO. Often such 
commands permit you, by giving the command prop- 
erly, to replace any given word or phrase with 
any other. it was drily remarked at a recent 
conference that this would allow a writer to 
change every occurrence of “or” in his writing 
Yet programmers seem to think this is 
a feature writers want. 








(For programmers’ purposes this is a very 
good facility; indeed, a whole computer language, 
SNOROL, is built around it; -- see p. 31, But 
it has nothing to do with normal text.) 


This type of thing is totally unsuited for 
the literary types of people who care most about 
text and its characteristics (connotations, 
twists) which can not be found by definable 
structured search. And who should not be forced 
to deal with explicit computer languages because 
it tends to interfere with the thought processes 
they are supposed to be pursuing, if not make 
them physically ill. 


YOUR FIRST COMPUTER LANGUAGE: 
PARTMOVTH'S 


BASIC 


The BASIC language, aleo called Dartmouth-Basic, 
was Introduced In the slxties at Dartmouth Callege by John 
Kemeny and Thomas Kurtz. It waa Intended to be a simple 
and easy-to-learn Introduction to computer programming, 
yet powerful enough to do useful things. It has grown in 
use, in recent years, both as the foremost beginner's language, 
and as a perfectly fine language for doing many simple 
kinds of work-- like custom busin plications, statistics, 
and "good-guy" systems for nai. o users as discussed eleewhere 
In this book. 





Kemeny |s now president of Dartmouth, and Kurtz 
runs their high-powar time-sharing computer center, 80 
BASIC has a permanent home base there. 


Note that the name BASIC does nol refer to the bottam- 
level or elemental languages of computers. BASIC has 
been contrived specifically to make programming quicker 
and easier. It ls not "basic" to all computers; such bottom 
languages are called "machine ianguage” or "assembler 
language" (see PP 50-3) 


The simplicity of the language begins at the program 
Input, or editing, level. Each command of BASIC must 
be on a separate line, and each Line must have a separate 
Une number. Suppose you accidentally type in 


30 =IMPUGN Y 


when you maant "INPUT" instead of "IMPUGN." You may 
replace that command at any time by typing the same line 
number and the new version of the Line, 


50 «INPUT Y¥ 


which automatically replaces the previously line 50. If 
you want to get ria of the line entirely, you type 


50 

and an end-of-line code, and the whole Line is gone. 
Buample of a BASIC command: 
18s) LET X=Y¥ 


You can choose any line numbere you want, but the lines 
ere autmmatically put in the order of thelr numbers. Since 
when you write « program you don't usually know at the 
gutset what it will look like later, you try to leave enough 
gape in the numbers at the start to fit in the instructions 
you might want to put between them later. 


THE SETTING 


To begin with, there must be a computer, and It 
must have a processor for the BASIC language, that is, 
@ program for carrying oul the operations of Dartmouth- 
BASIC. We will assume that this BASIC processor is all 
eat up In core memory ready tp go. 


compiler 





Qote: This te how It looks - 
ina minicomputer. On 

a time-sharing system there's 
@ lot of irrelevant other 

stuff going on, which we'll 
leave out.) 


And we will assume, as previously mentioned, that you 

have some kind af a terminal-- that is, a device with a keyboard, 
gome kind of place the computer can send messages to you 

and vice versa, and is more or leas elandard. 


Now then: all that ie needed Ls for you to understand 


the BASIC language, and you can program thie computer 
within the confines of BASIC. 


© It Ls one of the strange aspects of this field that 
languages can be taught Independently af discussions of 
the machine Hiself. 





When you type in a program, the BASIC processor 
will do certain things to {t (actually cook It down) and store 
it In core memory: 





Every time you change one of the lines of the program the 

BASIC processor will Insert, delete or replace lines as 

you have commanded, then rearrange whatever's lefi accordingly, 
in order of the line numbers. 


Then when you tell the processor to start the program, 
by typing (with no Line number) 


RUN 
the processor will start the program going at the command 
with the earliest line number, and your instructions will 
be executed according to the rules of BASIC. 


Now we will consider eome of the commande (or statements) 
of BASIC. 





These two boys had never seen a computer before, 
but I loaded it up wilh the BASIC language processor, 
showed them a few basic commands and told them to 
turn it off when they were through. 

I got back ten hours later and they were still at it. 

Too bad kids have such short attention spans. 


Se 


VARIABLES 


The BASIC language, lke a number of other languages, 
allowe you to set aside places In core memory and give 
them names. These places may hold numbers. They can 
be used to count the number of times that things are done 
(or not done), to hold answers, rumbers to test against, 
numbers to multiply by and so on. 


In BASIC, these places are given names of one alphabeti- 
. That meana you can have up to 26 of them. 


A B I © U_ sometimes ¥ even X 


Because these named spaces in memory may be used 
something Like the way letters are used in algebra, we 
call them variables. In fact, each one is a place with a 
name. 





(renery slot. Actus addres cod be 
13, 4037 ov later) 


ay 


If you use the names B,C and D for variables In your 
program, the BASIC processor will automatically set up 
places for them to be siared. 





The END command 
The END command In BASIC simply consleta of the 
word END. [t must came last in the program. Therefore 
It must have the highest line number. Example: 
68 = =END 
The PRINT command 


Whenever the program follower gets to a PRINT command, 
it prints out on the terminal whatever le specified. Example: 


97 PRINT “HAIL CAESAR. BIRD THOU NEVER WERT" 


When and if the program follower gete to this command, 
the terminal will print out 


HAIL CAESAR. BIRD THOU NEVER WERT 
The GOTO command (pronounced "Go 2") 


The GOTO command telle the program follower the 
number of the naxt command for it to do, fram which It 
will goon. Example: 


62 GOTO 99 


which meane thal when a program follower gete to command 
#62, it must next Jump to 00 and go on from there, unless 
that happens to be the END statement. 


A SIMPLE SAMPLE PROGRAM 
These are enough commands (o write a asmple program. 


43° PRINT "HELP, 1 AM CAUGHT IN A LOOP" 
67 GOTO 43 
68 END 


The program will start at the firet Instruction, which 
happens in this case to be instruction number 43. That 
one prints a message. The next command, by line number, 
is 67. This tells the program follower to go back to 43, 
which it doee. 


Let 43 PRINT "HELP, I AM CAUGHT IN A LOOP" 4 
67 GOTO 43 


68 END 
The result le that your terminal wil print 


HELP, ] AM CAUGHT IN A LOOP 
HELP, | AM CAUGHT IN A LOOP 
HELP, | AM CAUGHT IN A LOOP 


interminably, or until you do something drastic. It never 

gete to the END statement. (Two strategies for doing something 
drastic are usually to hold down the CONTROL button and 

type C, or hold down both CONTROL and SHIFT buttone, 

If you have them, and type P. One of these usually works.) 


The LET command 


The LET command puts something into a variable. 
Example: 


43) LETR=2.3 


What Is on the right aide of the equale sign In the last statement , 
In thie cace 2.3, ls stuffed Into whatever location of core 
memory ls designated on the left side, In thie case a place 
known to you only as R. With the result that someplace 


in core memory ie 2 3 


The LET statement is an example of an assignment statement, 
which most computer lenguages have; an asaignment statement 
assigne a specific piece of Information (often a number, 

but often other things) to some name (often standing for 

8 particular place In core memory). 


The LET command Ln BASIC can aleo be used to do 
arithmetic. Example: 


14 LET M=2.3 + (12°7909.1) 


(The asterisk has to be used for multiplication because 

traditionally terminals don't have a times-sign.) BASIC 
will work thie out from right to left and store the remult 
nM. 


The INPUT commend 


The INPUT statement aska the person at the terminal 
for a mumber and then shoves it into a variable. Example: 


41 INPUT Z 


which causes the terminal to type a question mark, and 
wait. When the user has typed in a number followed by 

a carriage return, the BASIC processor stuffs the number 
into the variable and proceeds with the program. Here 
is a program using the INPUT statement. 





here 





10 PRINT "HOW OLD ARE YOU" 

15 INPUT A 

20 «LET Be A/40.0 

25 PRINT "YOUR AGE IS", B, "TIMBS THE AGE 
OF THE EMPIRE STATE BUILDING." 

30) «END 


This will cause the following to happen: 


Program types: 
HOW OLD ARE YOU? 20 

Program type: 
YOUR AGE IS .$ TIMES THE AGE OF THE EMPIRE 
STATE BUILDING. 


The IF command 


The IF command le a way of testing what's stored 
in a variable. Example: 


68 «IF M = 40 then 63 


Thia leate varlable M to see if it contains the number 40. 
If M ia indeed 40, the program follower jumpe to line 
If not, It goes right on and takee the next higher Instruction 
afier 68. The IF can test other relations than equality, 
including “leas that,” "greater than,” "not equal,” 
than or equal to," etc. For instance, 











69 «=F Q 7 then 102 


will send the program follower to command 75 if variable 
Q contains a number less than 7. (Note that different BASICs 
for different computers may have lightly different rules 


The BASIC language, developed at Dartmouth, must not be 
confused with the underlying binary languages of Individual 
computers (see "Rock Bottom.” p.32,). These underlying 
codes are called "machine lenguages" (or, in a dressed-up 
form, easier to use for programmers, “assembler language"). 
These ere the basic languages, different for each machine. 
Dartmouth BASIC, or Jut plain Baslc, le a widely available, 
standardized, simple beginner's language. 


Yt 


ANOTHER PROFOUND EXEMPLARY PROGRAM 





LET Z = 28 

PRINT Z. " BOTTLES OF BEER IN THE WALL™ 
LETZ=Z-1 

IF Z = 0 GOTO 74 

GOTO 10 
PRINT "TIME TO GO HOME." 
END 





The program wiil start typing thusly: 


2$ BOTTLES OF BEER IN THE WALL 
24 BOTTLES OF BEER IN THE WALL 


and 60 on, until Z has reached 0; then it will type 


0 BOTTLES OF BEER IN THE WALL 
TIME TO GO HOME. 


and then it will stop. 


You will note that this program, like the one that 
printed "HELP, 1 AM CAUGHT IN A LOOP." hae a loop, 

that is, a repeated sequence of operations. The firat one 

wag an endleas loop, which repeated forever. This loop, 
however, is more well-behaved (by some people's atendards). 
in that it allows an escape when a certain criterion has 

been reached-- Ln this case, printing a line of text 25 times 
with variante. 











‘The reason we are able to escape from this loop ia 
that we have a teat Instruction, IF slatement number 62. 


It Ja very important for the programmer to include 
fests which allow the program to get out of a loop. This 
may be couched as a motto, viz.: 


LEAK BEFORE YOU LOOP. 


AN AUTOMATIC LOOP 


Indeed, for people who are big on program loops, 
BASIC provides a pair of Instructions which handle the 
program loop completely. These are the FOR and NEXT 
instructlone. We won't show them here, but they're not 
very hard. Using the FOR command, you can easily direct 
the computer to do something e million and one times, aay. 
‘This can be exhUaraiing. You can even direct it lo Include 
that program in something to be done a billion mes, resulting 
In « program loop that would be carried out over « trillion 
times. Al ln a short program! But of course thia is Just 
power on paper: we want our programe lo be useful, and 
finish thelr jobs in the present century, and eo such Nights 
are Just mentsl exercises. 





FAST ANSWERBACK WITH BASIC (in some versione) 


If you want 4 fast answer to 4 numerical question. 
you can do It without the Line numbers. typing In 


PRINT 3.1416 * 7124 


will cause BASIC to print the answer right out and forget 
the whole thing. 


TEXT STRINGS IN BASIC 


The deluxe versione of the Dartmouth BASIC 
language have operations for handling text-- 
or what computerfolk call "strings," that Is, 
atrings of alphabetic characters and punctuation. 
These operations lend to begin with $ (stending 
for "$tring”?) and there's no room for them here. 


Bul what they mean is that BASIC cen type 
letters, count the nouns In Gone With The Wind, 
or print out the nine hundred million names of 
God. : 





Hf you write the program. 


THIS 18 A SERIOUS LANQUAGE, 
AND CAN SAVE SOME COMPANIES A LOT OF MONEY 


BASIC is a very serious lenguege. Advanced versions 
of BASIC have instructions that allow users to put In alphabetical 
Information, and store and retrieve all kinds of Information 
from disks or tape. In other words, BASIC can be used 
for the fairly slnple programming of a vast range of probleme 
and "geed-guy systems” mentioned elsewhere. Complete 
BASIC systems allowing complex ealculstions can be had 
for perhaps $3000; a general-purpose computer running 
BASIC with cagsette or other mae storage, for business 
or other purposes, can now be had for some $8000. Allowing 
a few thoueand dollera for programming specific applications 
in BASIC, almple systems can be created for ¢ variety 
of purposes that some companies might say you needed 
a hundred-thousand-doliar system for. 


This Le serlous business. Languages like BASIC 
must be considered by people who want simple systems 
to do underetandable things In direct ways thet are meaningful 
to them, and that don’t disrupt thelr companies or thelr 
lives. 


This has been a very hasty and brief presentation 
In which I have tried to convey the feeling of thie important 
language. If you have the chance lo learn |, by all meang 
do. 


SOME FUN THINGS TO TRY IN BASIC 
Wrile @ program that printe calendars. 


Write a program that converts an Inpul number to 
Roman Numerals. 


Write a dialogue eyatem that welcomes the user to 
the aanitarlum, asks him questions, ignores the anewers 
and Ineults him. (Use the INPUT statement for recelving 
numerical answers. Since the answers are ignored they 
can all be stored In one variable.) 








WHERE TO GET IT 


eatures of the BASIC language vary considerably 
from system to system. Which ones offer the highly desirable 
alphabetic commands end mase storage have to be checked 
out Individually .) 


BASIC Ie offered on many if not most time-sharing services, 
go you cen use it from your home on a terminal, (But note that 
this can be expensive and even dangerous. If you're paying 
yourself; there are not presently adequate cost safeguards to 
prevent you from running up huge bills.) 


BEST BUY? Rumore persist of a time-sharing service 
somewhere thal offers BASIC for $5 an hour, total, with disk 
storage thrown in. | have not been able to verify this. 


DEC offers minicomputer-based systems which time- 
share BASIC among several lerminals simultaneously. (Bul 
you have to buy the whole big system.) The ones that 
Tun on the PDP-8 ere marketed mainly to schoole. and for 
thie reason are called, somewhat pecullarly, EDUSYSTEMS 
Their multiterminal system for he PDP-11 {s called RSTS 
(pronounced "Risetise.") and le marketed mainly to businesses. 


Hewlett-Packard offers BASIC, 1 belleve. on all of 
Ite minicomputers. Of speciel interest 1s an odd computer 
called the Series 8800 Model 30. You're only allowed to 
program In BASIC. (t's actually a microprocessor; see 
p19.) 


Many other minicomputer manufecturers now offer 
BASIC. Data General's NOVA Is one. 


BIBLIOGRAPHY 
Kemeny and Kurte, BASIC Programming. Wiley, 1987. 


DEC's Edueystem Handbook Ie a very nice Introduction 
to BASIC, quile pleasant and whimetcal; It may be 
a good Introduction even if you're using other people's 
BASIC systems. It's $5 from DEC, Communications 
Services, Parker St.. Maynard, Mass. 01754. 





There is aleo a programmed text on BASIC by Albrecht 
(published by Wiley). For those of ue who freeze 
at numerical-looking manuals, programmed lexts 
can take away a lot of anxiety. 


MY COMPUTER LIKES ME (when | speak In BASIC). 
This book has evidently been pul together by the People's 
Computer Company, and has some idealistic fervor behind it. 
$1.19 from Dymax, Box 310, Menlo Park, Cal. 94025. 


Soames: 


BASIC |e a good example of an “algebraic” type of 
language, that ls. one formulated more or 
less to look like high-school algebra and 
permit easy conversion of certain algebraic 
formulas into actual runnable programs. 
The most widely-used language of this type is 
FORTRAN (see p.31 ). Thus BASIC Is 
often referred to as e "Fortran-type language.” 
The kickereo-- and If you understand this It's hell 
the battle-- Is that a line of BASIC or FORTRAN 
directs a certain event to take place. while 
@ statement In algebra Just describes relations. 
The strange resemblance between the descriptive 
language (algebra) and the prescriptive 
language (Fortran or Basic) 1s that algebraic 
operalions (which are Just recombinations 
and restatements) can be mimicked by the 
computer language. and thie early obsession 
of mathy computerfolk led to making the 
computer language look like a descriptive 
algebra. Especially with the weird use of 
the equals-sign to mean “Is replaced now by.” 
In hindsight this was a ridiculoue idea; 
some of the more recent languages (Buch as 
APL) use a left-polnting arrow Instead of an 
equals-sign, showing that an action le being 
called for, rather then a relationship belng 
described. 
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ARRAYS, 
an important 43) Arvdture 


(avaliable in BASIC, APL and many other languages) 


Arrays are Information setups with numbered 
positions. The positions can contain all sorts of 
different things, however: numbers, letters or 
other deta, depending on the dala structures 
allowed in the language. 


ONE-DIMENSIONAL ARRAY 





A one-dimensional array is like a row, a two- 
dimensional array is like a tabletop, a three- 
dimensional array is like a box, and for more 
dimensions you can’t visualize. 


Arrays are handy for working with a lol of 
different things one al a lime. They can be given 
names just like veriables. 


Suppose you have a one-dimensional array 
named SAM. Then in a program you cen usually 
ask for the third element in SAM by referring lo 
SAM(3). Better than that: you can refer by turns 
to every element of SAM by using a counting 
variable and chenging its value. SAM(JOE) can be 
any one of the elements of the array, if we set the 
value of JOE. the counting variable, (o the number 
of the position we want to paint to. 


For arrays having more than one dimension. 
the principle ia the same. You may refer in a 
program to any apace in the array by giving a 
number in parentheses. or subscript. specifying 
the apace's position in each dimension. Suppose 
you have an array named PRICES, which gives 

the prices of. say, various elzes and brande of 
TV sels. 


er Ary 
PRS 





Thie ie PRICES(),2) 
because il’s the item in row 3, column 2, 


Suppose you have a two-dimensional array 
giving the telephone numbers, salaries and ages 
of several different employees of a company. You 
nave decided to call the array WHAM. 


ee 


i 


i 
tn N 


Tel.no. 
Salary 
Age 


You can refer to any eingle entry In thls array as 
WHAM (IRV, JOE), where [RV and JOE are two 
counting variablea you've decided to set up. 


& 
arene 
Ea 


If you set IRV and JOE both to 1, 
WHAM (IRV ,JOE) is really WHAM(1,1), which 
refers you lo the telephone number of employee A. 
If you change JOE to 2, thet gives you WHAM(1,2), 
giving you B'e phone; while WHAM(2,1) would be 
A's salary. 


These are Just the mechanics, What you 
choose to do with this sort of thing Is your own 
affair. Counting around in arrays (and core 
memory. where they're stored) Is called indexing. 


THE SLEEPING GIANT 


TRAC. Langue 


A mild-mannered man in Cambridge, Massachusetts, 
who owns hls own very small business, is the creator of one 
of the most extraordinary and powerful computer languages 
there is, though lots of people in the field don't realize it. 
The language Is fairly well-known among professionals, but 
its real power is hardly suspected. 


If BASIC is a fairly conventional programming language, 
strongly resembling FORTRAN, TRAC (Text Reckoning and 
Complling) Language is fairly unusual. 


The name of it Is "TRAC Language, " not just TRAC — 
because it's a registered brand name (like Kleenex Tissues). 
Within the rules, the word "TRAC" is an adjective and not a 
noun. Thus TRAC is its first name, Language 1s its last; 60 
we can refer to "TRAC Language" instead of having to 
precede it with the. 


It ls included here for several reasons. 


1) It is extremely easy to learn, at least for beginners. 
Experienced programmers often have trouble with it. 


2) It is extremely powerful for non-numeric tasks. In 
fact, it Is Ideal for building your own personal language. 


3) It offers perhaps the best control of mass storage, 
and your own style of input-output, of any language. 


4) It ls superbly documented and explained with the new 
"The Beginner's Manual for TRAC Language}' which is now 
available. 


5) It is likely to catch on one of these days. (Some 
large corporations have been investigating It extensively. ) 


ar 0 oc 


It is not so much the basic idea 
of TRAC Language, bul the neatness 
with which the idea has beerelaborated, 
thal is so nice. 

As a side point, here is an 
important motto for thinking in general 
about computers (and about other things 
in general): 


MAKING THINGS FIT TOGETHER WELL 
TAKES A LOT OF WORK AND THOUGHT. 


Let Calvin Mooers' TRAC Language be a 
shining example. 





TRAC Language is great for creating highly Interactive 
systems [or special purposes, including turnkey systems [for 
Inexperlenced users and "good-guy" systems. It combines 
this with good facilitles for handling text, and what is needed 
along with that, terrific control over masse storage. It ls 
also excellent for simulating complex on-off systems; rumor 
has it that TRAC Language was used [or simulating a major 
computer before it was built. 


Against these advantages we must balance TRAC 
Language's less fortunate characteristics. For numerical 
operations it is extremely slow, if not terrible, compared to 
the most popular languages. The same applles to handling 
numerical arrays and controlling loops, which are compara- 
tively awkward in TRAC Language. 


Finally, many programmers are incensed by the 
number of parentheses that turn up in TRAC programs; in 
this it resembles the language LISP. But this is an aesthetic 
judgement. 


The TRAC Language has been thought out in great 
detall for total compatiblity of all parts. (Moreover, by 
standardizing the language exactly, Mooers heroically 
assures that programs can be moved from computer to 
computer without difficulty. ) 





* TRAC Is a registered service mark of Rockford Research, 
Inc. Description of TRAC Language primitives adapted by 
permission {rom "TRAC, A Procedure-Describing Language 
for the Reactlve Typewriter", copyright © 1966 by Rockford 
Research, Inc. 


I am grateful to. C.A.R. Kagan, of Western Electric 
Engineering Research Center, for his extensive 
(and finally successful) efforts to interest me in 
TRAC Language. 


In the well-thought-out ramifications of its basic concept, 
the TRAC Language is so elegant as to constitute a work of 
art. It beautifully fulfills this rule: 


"| .. the facilities provided by the Language should be 
constructed from as few basic ideas as possible, and 
... these should be general-purpose and interrelated 
in the language in a way which avolded special cases 

wherever possible." (Harrison, Data-Structures and 
Programming, pub. Scott, Foresman, p. 251.) 


The fundamental idea of TRAC Language, which has 
been worked out in detail wifh the deepest care, thought and 
consistency, is this: 


ALL IS TEXT. 


That is, all programs and data are stored as strings of 
characters, in the same manner. They are labelled, stored, 
retrieved, and otherwise treated in the same way, as 
strings of text characters. 


Data and programs are not kept in binary form, but 
remain stored in character form, much the way they were 
originally put in. The programs are examined for executlon 
as text strings, and they call data in the form of text strings. 


This gives rise to certain interesting kinds of 
compatibility. 


a) Complete compatibility exists in the command 
structure: the results of one command can become another 
command or can become data for another command. 

ALMOST NOTHING CREATES AN ERROR CONDITION. 

If enough information is not supplied to execute a command, 
the command is ignored. If too much information is supplied, 
the extra is ignored. 


b) Complete compatibility exists in the data: letters and 
numbers and spaces may be freely intermixed. Special 
terminal characters (like carriage returns and backspaces) 
are handled just like other characters, giving the program- 
mer complete control of the arrangement of output on the 


page. 


c) Complete compatibility also exists {rom one computer 
to another, so that work on one computer can be moved to 
another with ease. By the trademark TRAC, Mooers 
guarantees it — an innovation. 


COMMAND FORMAT 


A TRAC command has the [following form. The cross- 
hatch or sharp-sign is the way this language identlfies a 
command's beginning. 


#(NM, arg2, arg3, arg4,..) 


NM 1s the name of any TRAC command. It counts as the 
first "argument," or piece of Information supplled. Arg2, 
arg3, etc. are whatever else the command needs to know to 
be carried out. 


We will look first at examples that use the arithmetic 
commands of TRAC Language, not because it 1s particularly 
good at arithmetic, which it isn't, but because they're the 
simplest commands. The arlthmetic commands are AD 
(add), SU (subtract, ML (multiply), DV (divide). Each 
arithmetic command takes three arguments, the command 
name and two numbers. Examples: 


#(AD, 1, 2) 
is a command to add the numbers 1 and 2. 


__ #(SU, 4,3) 
is a command to subtract the number 3 from the number 4. 


#(ML, 632, 521) 
is a command to multiply 632 by 521. 

#(DV, 100, 10) 
is a command to divide 100 by 10. 

Now comes the Interesting part. 

The way TRAC commands may be combined provides 
the language's extraordinary power. This is based on the 
way that the TRAC processor examines the program, which 
Is a String of character codes. Watch as we combine two 
AD instructions: 

#(AD, 3, #(AD, 2, 5)) 


The answer is 10. Miraculous! 


How can this be? 


Tr A comma ends an argument 
in the TRAC language? 
Ah, that all arguments 
could be ended so easily. 
--My grandfather - 


THE MAGIC SCAN 


The secret of combining TRAC commands is that 
every command, when execuled, la replaced by its answer; 
and whatever may result Is In turn executed, 


There Is an exact procedure for this: 


SCAN FROM LEFT TO RIGHT 

UNTIL A RIGHT PARENTHESIS, 
RESOLVE THE CONTENTS OF THE 

PAIRED COMMAND PARENTHESES 

(execute and replace by the command's result); 
STARTING AT THE BEGINNING OF THE RESULT, 
KEEP SCANNING LEFT-TO-RIGHT 
UNTIL A RIGHT PARENTHESIS. zi 


WHEN YOU GET TO THE END, PRINT OUT 
WHAT'S LEFT. 


The beauty part is how It all works 60 goad. 
An arithmetic example — so you get the procedure. 


4(AD, 2, #(AD, 3, 4)) 
—_— --> (irst right parenthesis 
found. 


a, execule what'a in (he 


command parentheses 


7 & replace 
with thelr answer, leaving: 


#(AD, 2,7) 
6can to next right parenthesis 
—yY execule & replace 


find no more parentheses 
print out what's left. 


You might try thie yourself on a longer example: 
#(AD, #(SU, 4(AD, 3, 4), #(SU, 7, 3)), 1) 
Here la an Interesting case: 

#(AD, 1) 


There's no third argument to add to the } — bu! that’s 
okay In TRAC Language. 1 It remains. 


PULLING IN OTHER STUFF 


The core memory avallable to the use is divided into 
two areas, which we may call WORKSPACE and STANDBY. 


HML, 4(AD,7, 3), (SU, 18, 9)) 





WORKSPACE | 





= STANDBY | 
| Strings with Names | 


The Standby area contains strings of characters with names. 
Here could be some examples: 


names Strings 


[HaRotp 
54321! 
[SvE 
es 
? 1*) 


PROGRAM}, : 
[5, HELP: 14M TRAPPED IN A LOOP)#(CL, PROGRAM)| 
IGALOSHES 


[LMUSTN'T FORGET MY GALOSHES.| 





There Is an instruction that moves things {rom the 
Standby area to (he Workspace. This Is the CALL 
Instruction. 

4(CL, whatever) 

‘The CALL Instruction pulls in a copy of the named atring 
to replace It, the call instruction, in the work area. The 
string named in the call Instruction also stays In the Standby 
area until you want to get rid of it. Example: 

#(CL, HAROLD) 
would be replaced by 

$4321 
Suppose we eay in a program 

#(AD, 1, #(CL, HAROLD)) 

Then the result la: 

54322 


Now let's do a program loop using the CALL. If we 
type In to our TRAC proceseor 


4(CL, PROGRAM) 
It should type 
HELP; | AM TRAPPED IN A PROGRAM LOOP 


AM TRAPPED IN A PROGRAM LOOP 
HELP; I AM TRAPPED IN A PROGRAM LOOP 





indefinitely. 
Why is this? Let's go through the steps. 


We noted thal In our Standby area we had a string 
Named PROGRAM which consisted of 


«(PS, HELP; 1 AM TRAPPED IN A PROGRAM LOOP)#(CL, PROGRAM) 
The TRAC processor scans across It to the firet right parenthesis. 
#(PS, HELP; I AM TRAPPED INA 
4(PS, HELP; I AM PROGRAM LOOP)#(CL, PROGRAM) 
and now executes this. 

It happens that PS Is the PRINT STRING instruction. 


PRINT STRING prints out Its second argument, and forgets 
the reat. But the only argument after PS Ls 


19 


Mild “mannered Calven Meoers sleps tule a phone beoft, 


Tears oper bis forminal, and 


# (Pow!) 


IT'S SUPERLAVGUAGE/ 


HELP; 1 AM TRAPPED IN A PROGRAM LOOP 
So It prints that. If it had said 

HELP, I AM TRAPPED IN A PROGRAM LOOP 
the PRINT STRING command would only have printed 

HELP 
since a comma ends an argument In TRAC language. 


Now, the PRINT STRING command leaves no result, 80 
It ls vaporized; all we have left In the work area Is 


*(CL, PROGRAM) 


which Is now scanned. But that's another CALL, and when 
it ls executed by felching the object called PROGRAM, Its 
replacement In (he work area Is 


4(PS, HELP; 1 AM TRAPPED IN A PROGRAM LOOP)*(CL, PROGRAM) 
and guess what. We done It again. 


(Another example of TRAC Language's consistency: 
suppose It executes the command 


#(CL, EBENEZER) 


when there Is no string called EBENEZER. The result Is 
nothing; So that command disappears, leaving no residue. ) 


THE FORM COMMANDS 


Let us be a little more precise. The Standby area 
Is really called by Mooers “forms storage,” and a string- 
with-name that is kept there Is called a form. One reason 
for thla terminology Is that these strings can consist of 
programs or arrangemenis that we may want to [it together 
and combine. Thus they are “forms”. 





1. CREATING A FORM 


To create a form, you use the DEFINE STRING 
command: 


#(DS, formname, contents) 


The arguments used by DS give a name to (he form and 
specify what you want to have stored in It. Example: 


*(DS, ELVIS, 1234) 


creates a form named ELVIS with contents 1234. 


BoB 


(Note that to gel a program into a form without Its being 
executed on the way requires some preparation. For this, 
"protection" is used; see end of article.) 

It turna oul that DEFINE STRING Is the closest TRAC 
Language has to an assignment statement (as in BASIC, 
LET A = WHATEVER). If you want to use a varlable A, 
say, to lore the current result of something, in TRAC 
Language you creale a form named A. 

#(DS, A, WHATEVER) 


Whenever the value of A le changed, you redefine form A. 


2. CALLING A FORM. 
As noted already, 
#(CL, ELVIS) 

will then be replaced by 
1234 


Bul a wonderful extension of this, that hasn't been 
mentioned yet, Ls 


2A. THE IMPLICIT CALL. 

You don't even have lo say CL to call a form. If the 
first argument of a command — thal is, the first string 
Inside the command parentheses — Is not a command known 
to TRAC Language, why, the TRAC processor concludes 
that the (iret argument may be the name of a form. So now 
If you type 


#(AD, (HAROLD), #(ELVIS)) 


it will first note, on reaching the right-paren of the 
HAROLD command, that since HAROLD Is 54321, you 
evidently wanted this: 


#(AD, 54321, #(ELVIS)) 


rescan of result 
= 
and then will do the same with ELVIS: 
#(AD, $4921, 1234) 
80 that pretty soon It'll type for you 
55555 


i ‘i it 
This language is marvelously suited to data base management 
senaganient information systems, interactive query systems. 
and the broad spectrum of "businesa” programming . 
For large-scale scientific number crunching. not so good. 


With one exception: “Infinite precision” arithmetic. when 
people want things to hundreds of decimal places . 


Chugge chugge. 


——— 


This implicit call is the trick that allows people to creale 
their own languages very quickly. In not very long, you could 
create your own commands — say ZAPP,MELVIN and eome 
more; and while at first lt is more convenient to type In the 
TRAC format 


*(ZAPP, *(MELVIN)) 


it Is very Little trouble In TRAC Language to creale new 
synlaxes of your own like 


ZAPP ! MELVIN 


thal are inlerpreted by the TRAC processor as meaning the 
Same thing. 


2B. FILLING IN HOLES. 


Another thing the CALL command In TRAC Language 
does ts [ill In holes thal exist informs. Let us represent 
a hole as follows: 


Now suppose there is a TRAC form with a hole in Il, like 
this. 


[word 
Hl It! 


Additional arguments tn the call get plugged Into holes In 
the form. Examples: 





call result 
4(CL, WORD) HT 
*(CL, WORD, O) HOT 
*(WORD, A) HAT 

* (WORD, OO) HOOT 


Now, a form can have a number of different holes. 
Let us denote these by 


(1) [2] (3) 4)... 


Now suppose we have a form 


WORD 
(1)Hi2}713) 


which we might call numerous ways: 
call result 


*({WORD, W, I, E) WHITE 


4(WORD, , OO, OWL) HOOTOWL 
(Note thal pulling nothing between (wo 
commas made nothing the argument. ) 


*(WORD, #(WORD, , 0)S, O} HOTSHOT 
Perhaps you can think of other examples. 


This flil-In technique is obviously useful for program- 
ming. If a form contains a program, Ils holes can be made 
to accept varying numbers, form names, text strings, 
other programs, Example: Suppose we want to creale a 
new TRAC command, ADD, that adda three numbers instead 
of just two. Falr enough: 





(3])] and there you are. 
This brings up another example of how nicely TRAC 


Language works out. Suppose you have the followlng In 
forme storage: 


[Zowle! beoag 
eas 4(zAP, (1), [2))] 
8) 


Try acting this one out with pencil and . 
ee is Pp Paper, Suppose you 





4(ZOWIE, 5,7) 


It happens thal the arguments 5 and 7 will be 

passed neat! 
from ZOWIE to ZIP to ZAP to the final execution of the AD; 
all through the smooth plugging of holea by the Implicit call 
and the Magic Scan procedure of the TRAC proceséor. 


Aeanaboiniagcaneserascisiosarisconmarageeseangsasenresatseccoogn 


TRAC Language 1 
“List Language. 





an 





alled “list processing Language” or 
This term has come to mean any language 
for twiddling data having arbitrary and changing form. 


Two other prominent languages of thie type are SNOBOL and 
LISP (see p. 31). 





Liat languages are traditionally Creaky. 
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Teac Languaye in 


an interpretive language 
(each step carried out directly 
by the processor without conversion 
to another form first); 
an extensible languege 
(you can add your own commands 
for your own purposes); 
a liet~processing language 
(for handling complex and amorphous 
forms of data that don't fit in boxes 
and arrays). 
Ss It is one of the few such lan- 
L guages thet fits in little computers. 





2 


3. DRILLING THE HOLES 


The holes (called by Mooers segment gaps) are created 
by the SEGMENT STRING Instruction. 


4#(SS, formname, whatever1, whatever2 ...) 
where "formname" is the form you want to put holes in and 


the whatevers are things you want to replace by holes. 
Example: Suppose you have a form 


INSULT, 
YOU _ ARE A CREEP! 


You make this more general by means of the SEGMENT 
STRING instruction: 





#(SS, INSULT, CREEP) 
resulting In 
INSULT; 


[you ARE A [_]] 


which can be filled in at a more appropriate time. 


Fuller example. Suppose we type Into the TRAC 
processor the following: 


#(DS, THINGY, ONE FOR THE MONEY AND TWO FOR THE SHOW) 
#(SS, THINGY, ONE, TWO, _) 


note space 


We have now created a form THINGY and replaced parts of 
it with segment gaps. Since each of the later arguments of 
SEGMENT STRING specifles a differently numbered gap, 
we will have gaps numbered [1], [2], and(3]. The gap (1) 
will have replaced the word ONE, the gap [2] will have 
replaced the word TWO, and a lot of gaps numbered [3] will 
have replaced all the spaces in the form @ince the fifth 
argument of SS was a space). The resulting form is: 





THINGY 
1][3)FOR[3}THE[3]MONE¥([3]AND/3}[2][3]FOR[3]THE[3|SHOW| 


We can get it to print out Interestingly by typing #(CL, 
THINGY, RUN, HIDE) (since after the call, the plugged-in 
form will still be in the forms storage.) This is printed: 





RUNFORTHEMONEYANDHIDEFORTHESHOW 


or perhaps, if we use a carrlage return for the last 
argument , we can get funny results. The call 





pone: NOT A FIG, THAT, [carriage return] 


should result in 


NOT A FIG 
FOR 

THE 
MONEY 
AND 

THAT 

FOR 

THE 

SHOW 


In TRAC Language, every command 


is replaced by its result 
a5 the program's executlon proceeds. 
This is ingenious, weird and highly effective. 


RET LDISESTABLISH MEN: 





TEST COMMANDS IN TRAC LANGUAGE 
There are test commands In TRAC Language, but lke 
everything else they work on strings of characters. Thus 


they may work on numbers or text. Consider the EQ 
command (test if equal): 


#(EQ, firatthing, secondthing, Lfso, ffnot) 
where "firstthing” and "secondthing" are the strings belng 
compared, and Ifso and ifnot are the alternatives. Lf flrst- 
thing Is the same as secondthing, then Lfso Is what the 
TRAC processor does, and ifnot Is forgotten. Example: 
#(EQ, 3, #(SU, 5, 2), HOORAY, NUTS) 


If it turns out that 3 ts equal to #(SU,5,2), which It ie, then 
all that would be left of the whole string would be 


HOORAY 
while otherwise the TRAC processor would produce NUTS. 


To most computer people this looks completely inside- 
out, with the thing to do next appearing at the center of the 


test instruction. Others find thls feature at-trac-tive. 


DISK OPERATIONS 


Now for the juicy disk operations. Storing things on 
disk can occur as an ordinary TRAC command. 


#(SB, name, formi, form2,form3 ... ) 


creates a place out somewhere on disk with the name you 
give it, and puts in It the forms you've specifled. Example: 


#(SB, JUNK, TOM, DICK, HARRY) 
and they're stored. If you want them later you say 

4(FB, JUNK) 
and they're back. 

Because you can mix the disk operations In with every- 
thing else so nicely, you can chaln programs and changing 
environments with great ease to travel smoothly among 
different systems, circumstances, setups. 

Here Is a stupid program that scans all incoming text 
for the word SHAZAM. If the word SHAZAM appears, It 
clears out everything, calls a whole nother disk block, and 
welcomes its new master. Otherwise nothing happens. If 
you have access to a TRAC system (or really want to work 


‘on it), Phe may be able to figure !t out. (RESTART must 
be in the workspace to begin. ) 


RESTART) HDS, TEMP, MRS)(SS, TEMP, )#(RPT)] 
RPT 
BPN ee SHAZAM, MTEST), ((EVENT))#(RPT)] 


((CS, TEMP, (#(RESTART))} TEMP, (#(RESTART)) 
EVENT 
W(DA)W(FD, MARVEL)#(PS, WELCOME O MASTER) 


In this example, however, you may have notlced more 
parentheses than you expected. Now for why. 























PROTECTION AND ONE-SHOT 


The last thing we'll talk about is the other ¢wo syntactic 
layouts. 


We've already told you about the main syntactic layout 
of TRAC Language, which Is 


a ) 


It turns out that two more layouts are needed, which we may 
call PROTECTION and ONE-SHOT. Protection is simply 


( ) 


which prevents the execution of anything between the 

parentheses. The TRAC processor strips off these plain 

parentheses and moves on, leaving behind what was in 

them but not having executed it. (But it may come back. ) 

An obvious use Is to put around a program you're designing: 
#(DS, PROG, (#(AD, A, B))) 


sale 
Stripped stripped 


but other uses turn up after you've experimented a little. 
The last TRAC command arrangement looks like this 


#H( ) 


and you can put any command In {t, except that Its result 
will only be carrled one level — 


4#(CL, ZOWIE, 3, 4) 


results In (using the forms we defined earlier), 


4(ZIP, 3,4) 
Yn 


which Ls allowed to survive as Is, because the moving finger 
of the TRAC scanner does not re-ecan the result. 


Tt Ls left to the very curlous to try to figure out why 
thls Is needed. 


Whatever can be executed | 
is replaced by { 
its result. 1 
This may or may not 
yield something 
which ie in turn 
executable. 
When nothing left is executable, 
what's left 
is printed out. 


That's the TRAC language. 


FAST ANSWERBACK IN TRAC LANGUAGE 


TRAC Language can be used for fast answerback to 
simple problems, Typing in long executable TRAC expres- 
sions causes the result, if any, to be printed back out 
Immedlately. 


For naive ueers, however, the special advantage is In 
how easily TRAC Language may be used @ program fast 
answerback environments of any kind. 


A SERIOUS LANGUAGE; BUT BE WILLING 
TO BELIEVE WHAT YOU SEE 


TRAC Language Js, besides being an easy language to 
learn, very powerful for text and storage applications. 


Conventional computer people don't necessarily believe 
or lke It. 


For instance, a8 a consultant I once had programmed, 
in TRAC Language, a system for a certain intricate form 
of business application. It worked. It ran. Anybody could 
be taught to use it In [lve minutes. The client was consider- 
ing expanding it and installing a complete system. They 
asked another consultant. 


It couldn't be done In TRAC Language, said the other 
consultant; that's some kind of a “university” language. 
End of project. 


HOW TO GET IT 


There have been, until recently, certain difficultles 
about getiing access to a TRAC processor. Over the years, 
Mooers has worked with his own processors in Cambridge. 
Experimenters here and there have tried their hands at 
programming It, with little compatibility In their results. 
Mooers has worked with several large Corporations, who said 
sald they wanted to try processors to assess the value of the 
the language, but those endeavors brought nothing out to 
the public, 


FINALLY, however, TRAC Language service Is pub- 
lically available, In a fastidlously accurate processor and 
with Mooers’ blessing, on Computility “timesharing service. 
They run PDP-10 service in the Boston-to-Washington 
area. (From elsewhere you have to pay long distance. ) 

The charge should run $12 to $15 per hour in business hours, 
lese elaewhen. But thls depends to some extent on what 
your program does, and is hence unpredictable. A licensed 
TRAC Language processor may be obtained from Mooers 

for your own favorite PDP-10. Processors for other com- 
puters, including minis, are In the planning stage. 


TRAC Language is now nicely documented in two new 
books by Mooers, a beginner's manual and a standardization 
book (see Bibliography). 


Since Mooera operates a small business, and must 
make a llvellhood from It, he has adopted the standard 
business techniques of service mark and copyright to 
protect his interests. The service mark "TRAC" serves 
to Identify his product in the marketplace, and is an 
assurance to the public that the product exactly meets the 
published standards By law, the "TRAC" mark may not 
be used on programs or products which do not come from 
Rockford Research, Inc. 


Following IBM, he is using copyright to protect his 
documentation and programs from copying and adaptation 
without authority. 


Mooers also stands ready to accommodate academic 
students and experimenters who wish to try thelr hands at 
programming a TRAC processor. An experimenter's 
license for use of the copyright materlal may be obtalned 
for a few dollars, provided you do not Intend to use the 
resulting programs commercially. 


For information of all kinds, including lists of latest 
lterature and application notes, contact: 


Calvin N. Mooers 

Rockford Research, Inc. 

140-1/2 Mount Auburn Street 

Cambridge, Mass. 02138 Tel. (617)876-6776 


TRAC® PRIMITIVES* 


OUTPUT. 
PS, string 
PRINT STRING: prints out the second argument. 
INPUT. 
RS 


READ STRING: this command is replaced by a string of 
characters typed in by the user, whose end is algnalled by a 
changeable “meta” character. 
CM, arg2 
CHANGE META: first character of second argument becomes 
aa new meta character. May be carriage-return code. 
READ CHARACTER: this command Is replaced by the next 
characler the user types in. Permits highly responsive inter- 
active systems. 


DISK COMMANDS. 
SB, blockname, form1, form2 ... 
STORE BLOCK: under block name supplied, stores forms llsted. 
FB, blockname 
FETCH BLOCK: contents ‘of named block are quietly brought in 
to forms storage from disk. 


MAIN FORM COMMANDS. 

DS, formname, contents 
DEFINE STRING. Discussed In text. 

CL, formname, plug], plug2, plug3 ... 
CALL: brings form from forms storage to working program. 
Plugi is fitted into every hole (segment gap) numbered 1, 
plug2 into every hole numbered 2, and so on. 

SS, formname, punchoutl, punchout2 ... 
SEGMENT STRING: thls command replaces every occurrence 
of punchoutl with a hole (segment gap) numbered 1, and so on. 


INTERNAL FORM COMMANDS. 
(All of these use a little pointer, or form pointer, that marks a place 
In the form. If there Is no form remaining after the pointer, these 
Instructions act on their last argument, which is otherwise ignored. ) 
IN, formname, string, default 
Looks for specified string IN the form, starting at pointer. If 
not found, pointer unmoved. (NOTE: string Search can also be 
done nicely with the SS command. ) 
CC, formname, default 
CALL CHARACTER: brings up next characler in form, moves 
pointer to after it. 
CN, formname, no.of characters, default 
CALL N: brings up next N characters, moves pointer to after 
them. 
CS, formname, default 
CALL SEGMENT: brings up everything to next segment gap, 
moves pointer to it. 
CR, formname 
CALL RESTORE: moves pointer back to beginning of form. 





MANAGING FORMS STORAGE 
LN, divider 
LIST NAMES: replaced by all form names In forms storage, 
with any divider between them. Divider is optional. 
DD, namel, name2 ... 
DELETE DEFINITION: destroys named forms in forms storage. 
DA 
DELETE ALL: gets rid of all forms In forms storage. 


TEST COMMANDS. 
EQ, firstthing, secondthing, Lfso, ifnot 
Tests If EQual: if [irstthing is same as secondthing, what's left 
is Lfso; if not equal, what's left is ifnot. 
GR, lirstthing, secondthing, ifso, fnot 
Tests whether firstthing is numerically GReater than second- 
thing. If so, what's left is ifso; Lf not, what's left 1s Mnot. 


OH YEAH, ARITHMETIC. 

(All these are handled in decima] arithmetic, a character al a tlme, 
and defined only for two integers. Everything else you write your- 

self as a shorty program. ) 

AD 
su 
ML 
DI 


mentioned In text. 


BOOLEAN COMMANDS. 
(Several exist in the language, but could not possibly be understood 
from this writeup. ) 





* Description of TRAC language primitlves adapted by permission from 
“TRAC, A Procedure-Describing Language for the Reactlve Typewriter, 
copyright © 1966 by Rockford Research, Inc. 


BIBLIOGRAPHY ® 

Calvin N. Mooers, The Beginner’s Manual for TRAC™’ Language. 
300 pages, $10.00, from Rockford Research, Inc. a 
(See "Where to Get It."') 

Calvin N. Mooers, Definitlon and Standard for TRAC® 7-64 
Language, 86 pages, $5.00, from Rockford Research, Inc. 

Calvin N. Mooers, "TRAC, A Procedure-Describing Language 
for the Reactive Typewriter, “ Communications of the ACM, 
v.9, n.3, pp. 215-219 (March 1966). Historic paper, out of 
print. This paper is copyrighted, and the copyright is owned 
by Rockford Research, Inc. , through legal assignment from 
the Association for Computing Machinery, Inc. 

And for those who want to underetand the depth of the standardiza~ 
tlon problem, Mocers offers freeble reprints of: 

Calvin N. Mooers, "Accommodating Standards and Identification 
of Programming Languages," Communicatlone of the ACM, 
v.11, n.8, pp.574-576 (August 1968). a 














22 


STARK & CLEVER, 


Some people call it a "scientific" language. 
Some people call it a "mathematical" language. 
Some people are most struck by its use for inter- 
active systems, so to them it's an interactive 
language. But most of us just think of it as THE 
LANGUAGE WITH ALL THE FUNNY SYMBOLS, 
and here they are: 


xpunactute |A\70;feov's 
eegze> )Vit_(4T+1~02L = 
12384657)9.BF(UN*ITOQD+ 
PRVCAZxWYEHO/XL ,SJGKH 


Enthusiasts see it as 4 language of incon- 
ceivable power with extraordinary uses. Cynics 
remark that it has all kinds of extraordinary 
powers for inconceivable uses-- that is, a weird 
elegance, much of which hae no use at all, and 
some of which gets in the way. 


This is probably wrong. APL is a terrific 
and beautiful triumph of the mind, and a very 
useful programming language. It is not for every- 
body, but neither is chess. It is for bright chil- 
dren, mathematicians, and companies who want 
to build interactive systema but feel they should 
stick with IBM. 


APL is one of IBM's better products, probably 
because it is principally the creation of one man, 
Kenneth Iverson. It is mainly run on 360 and 
370 computers, though implementations exist 


for the DEC PDP-10 and perhaps other popular 
machines. (Actually iverson designed the lan- 


guage at Harvard and programmed it on his own 
initiative after moving to IBM; added to the pro- 
duct line by popular demand, it was not a planned 
product and might in fact be a hazard to the firm, 
should it catch on big.) 


APL is a language of arrays, with a fascinat- 
ing notation. The array system and the notation 
can be explained separately, and so they will. 


Let's just say the language works on things 
modified successively by operators. Their order 
and result is based upon those fiendish chicken 
scratches, Iverson notation. 


THAT NIFTY NOTATION 


The first thing to understand about APL 
is the fiendishly clever system of notation that 
iverson has worked out. This system (sometimes 
called Iverson notation) allows extremely complex 
relations and computer-type events to be expressed 
simply, densely and consistently. 


(Of course, you can't even type it without 
an IBM Selectric typewriter and an APL ball. 
Note the product-line tie-in.) 


The notation is based on operators modifying 
things. Let's use alphabetic symbole for things 
and play with pictures for a minute. 


marcetcus <b 20% ff CAESAR 
t 


a ieee 


ec dobbed. 
er 


The sum shone as: 
ON oe Be 
Marcellus tow that-. 


In considering the successive meanings of this 
rebus we are proceeding from right to left, aa 
you note, and each new symbo! adds meaning. 
This is the general idea. 


You will note, in this example, the curious 
arrangement whereby you can have several 
pictures, or operators, in a row. This is one 
of the fun features of the language. 


TWO-SIDED OPERATORS 


In old-fashioned notations, such as ordinary 
arithmetic, we are used to the idea of an operator 
between two things. Like 


2+2 


or in algebra, 
xXy 


These, too, occur in APL; indeed, APL 
can aleo nest two-sided operators-- that is, put 
them one inside the other, like the leaves of 
acabbage. Old-fashioned notations nest with 
parentheses. But APL nests leftward. It works 
according to a very simple right-to-left rule. 


are) 


the result of thie 


is operated on by 
the next thing and operator, 
Ke yielding another result 


which is in turn operated on by 
the next thing and operator, 
yielding final result. 


ONE-SIDED OPERATORS 


We are also used to some one-sided operators 
in our previous life. For instance: 


-1 
means the negation of 1; 

-¢(-D 
meane negating that. 


APL can also nest one-sided operators. 


OZ By oh 


first operator is 
applied to &, 


Re eS 


result is worked on 
ae by second operator; 
a 
result is worked on 
by third operator; 


result is worked on by 
fourth operator, 
yielding final result. 


SAME SYMBOLS WORK BOTH WAYS 


Now, one of the fascinating kickers of APL, 
is the fact that most of the symbols have both a 
one-sided meaning and a two-sided meaning; but, 
thank goodness, they can be easily kept straight. 


Here is a concrete example: the symbol I 
or "ceiling." Used one-sided, the result of 
operator I applied to something numerical is the 
integer just above the number it is applied lo: 
[7.2 is 8. Used two-sided, the result is which- 
ever of the numbers it's between is larger: 

10[/6 is 10. (There is also | , floor, which you 
can surely figure out.) 


Now, when you string things out into a long 
APL expression, Iverson's notation determines 
exactly when an operator is one-sided and when 
it is two-sided: 


As you go from right to left, 


another thing? oP THING 
another op? <_--———. 2 


you generally start with a thing on the right. Then 
comes an operator. If the next symbol is another 
thing, then the operator is (o be treated as a two- 
sided operator (because it's between two things). 
If the object beyond the first operator is another 
operator, however, that means APL is supposed to 
stop and carry out the first operator on a one-sided 
basis. Example: 


A - B 
2 
thing, 
op, 
thing. Conclusion: 
It's two-sided. 
Interpretation: 
“subtract B from A." 
A+- B 
Ac 
thing, 
op, 
op-- 


stop.. Conclusion: 
The first operator 
is one-sided. 
Interpretation: 
"negate B.” 
Then take next symbol. 





A WEIRD EXAMPLE, To HELP WITH THE NOTATION, 


Just for kicks, let ue make up 4 notation 
having nothing to do with computers, using these 
Iverson principles: 

1) If an operator or symbol is between two 

names of things, carry it out two-sidedly. 
If not, carry it out one-sidedly. 
2) Go from right to left. 
The best simple example I can think of involves 
file carde on the table (named A, B, C...) and 
operators looking like this: 
0) 45) 90) 180) 455 907 180) 


to which we may assign the following meanings: 


ONE-SIDED: ROTATION OPERATORS 


QA do nothing to A 
45) A rotate A clockwise 45° 
90 A rotate A clockwise 90° 


etc. 


TWO-SIDED: STAPLING OPERATORS 

B45) A staple A (thing named on the right) 
to B (thing named on the left) 
at a position 45* clockwise from 
middle of B's centerline. 





And equivalently for other angles. 


Now, using Lhese rules, and letting our things 


be any file cards that are handy, here are some results: 


soe | 


ee 


A 90) 90) B eon yor 


L 
90) A 90) B 4 
{ Ls ed 
[ 2) \e*r 
clo 


453 A 90) B ” 
ra vg. on 


459 A 90) 90) B A 


B0) 45. A “ey 
Q ron 


C 45) B 0) 90) A 


ed 


It's hard to believe, but there you are. This 
notation seems adequate to make a whole lot of 
different stapled patterns. 


Exercise! Use this nutty file card notation 
to program the making of funny patterns. Practice 
with a friend and see if you can communicate 
patterns through these programs, one person 
uncomprehendingly carrying out the other's 
program and being surprised. 


The point of all this has been to show the 
powerful but somewhat startling way thet brief 
seribbles in notations of this type can have all sorts 
of results. 


Here Is another exemple showing how we chug 
along the row of symbols and take it aparl. Again, 
the alphabetical entities represent things. 


PL 
os 
enw” 
ASS te first operation (one-sided) 
: — 
second operation (two-sided) 


Try dividing up these examples: 


es) () Romzo 


BLBANOR <@ 9AM () SUSIE 


One more thing needs to be noted. Not only 
can we work out the sequences of operations, from 
Fight to left, between the symbole; the computer can 

table fashion. Which ie 





INSIDE 


The truth of the matter le that APL in the com- 
puter Ie a continuing succession of thinge being 
Operated on and replaced In the work area. 


first thing 


2. UG Bp Tana 


thing which results 
from operator ¢ 
done on YARGH, 






thing that results from operation! 
done to that by UG 


and so on. 


What ie effectively happening is that the APL 
processor Is holding what it's working on ina 
holding area. The way It carries cut the scan of 
the APL language, there only haz to be one thing 
in there at a Ume. 






APL procenser 


Gee le pe Leda 


Suppose we have a almple user program, 
Y+-2Z 


Starting at the right of thla user program, the 
main APL program puts Z into the work area. That's 
the first thing. Then, atepping left in the user 
program, the APL processor follows the rules and 
discovers that the next operation makes It 


“2 


which happens to mean, "the negation of 2." So it 
carries this out on Z and replaces Z with the result, 
-Z. Then, continuing to ecan leftward, the APL 
Processor continues to replace what was in the work 
area with the result of each operation in the suc~ 

_ Cageive Unes of the user program, Hil the program 
ja completed. 


APL Processor 
@ My tegen) 












wser program im APL 
Y+-7Z 
holding area 


ee 





Pug Z 
Pas by rev f 





cepa by cea] df 
"Ya oz 


SOME APL OPERATORS 


It would be ineane to enumerate them all, 
but here is a sampling of APL's operators. They're 
all on the pocket cards (see Bibliography). 


For old times' sake, here are our friends: 
(And a cousin thrown in for symmetry.) 


+A plain A 
(whatever A should happen to be) 
AtB A plus B 
(whatever A should happen to B, 
heh heh) 
-B negation of B 
A-B A minus 8 
a«B the sign of B 
(expreseed as -1,0 or 1) 
AaB A times B 


And here are some groovies: 


tA factorial A 
(1m2e3 ... up to A) 

A'B the number of possible 
combinations you can get from B, 
laken A at a time 

2A a random Integer 
taken from array A 

A’B take some Integers at random 

from B. How many? A. 


But, of course, APL goes on and on. There 
are dozens more (Including symbole made of more 
than one welrd APL symbol, printed on top of each 
other to make a new symbol). 





Consider the Incredible power. Single APL 
symbole give you logarithms, trigonometric 
functions, matrix functlons, number system conver- 
sions, logs to any arbitrary base, and powers of e 
(a mysterious number of which engineers are fond). 


Other weird things. You can apply an oper- 
ation to all the elements of an array using the / 
operator: +/A Is the eum of everything In A, #/A 
is the combined product of everything In A. And 
soon. Whew. 





As you may suspect, APL programe can be 
Incredibly concise. (This frequently-heard 
criticism: that the conciseness makes them hard 
to understand and hard to change.) 





MAKE YOUR OWN 
Finally and gloriously, the user may define 
his own functlons, either one-sided or two-sided, 
with alphabetical names. For instance, you can 
create your own one-sided operator ZONK, as in 
ZONK B 
and even a4 two-sided ZONK, 
A ZONK B 
which can then go right in there with the blg boys: 
A zOnKi) B 


Don't ask what {t meane, but It's allowed. 
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APL THINGS, TO GO WITH YOUR OPERATORS 


As we eald, APL has operators (already 
explained) and things. The things can be plaln 
numbers, or Arrays (already mentioned under 
BASIC). Think of them as rows, boxes and 
superboxes of numbers: 


246810 a one-dimensional thing 


we 
ve 


a two-dimensional thing 


a three-dimenslonal thing, 

seen from the front. Maybe 
we better look at the levela 
elde by alde: 

13 24 

57 686 


aw 
oe 


APL can have Things with four dimenglone, five and 
80 0n, but we won't trouble you here with pictures, 


Oh yes, and finally a no-dimensional thing. 
Example: 


73.2 


It ie called no-dimensional because there Is only 
one of it, so it le not a row or a box. 


Seriously, these are arrays, and Iverson's 
APL worke them over, turne them Inside out, twists 
and zaps through to whatever the anewers are. 


As In BASIC and TRAC, the arraye of APL 
ere really stored in the computer's core memory. 
associated with the name you give them. The 
arrays may be of all different sizes and dimen- 
sionality: 


JOE 


2.5 7.1 88.006 
se 


{ ee eld) 





(empty erray, bul a name ls 
saved for lt.) 


NUM. 
3.1416) 


(a zero-dimensional array. 
alnce it's only one number.) 


Each array is reaily a series of memory locationa 
with Ite label and boxing Information-- dimensions 
and lengthe-- stored separately. One very nice 
thing about APL is that arrays can keep changing 
thelr slzes freely, and this need be of no concern 
to the APL programmer. (The arrays can also be 
boxed and reboxed in different dimensions just by 
changing the boxing Information-- with an operator 
called "ravel.") 


> STOP THE PRESSES! 


An APL machine, a mini that does nothing but APL, 
1s now available from a Canadian firm for the mere pittance of 


THREE THOUSAND FIVE HUNDRED DOLLARS, 


the price of many a mere terminal. This according to 
Computerworld, 10 Oct 73. 


Run, don't walk, to Micro Computer Machines, Inc. , 
4 Lansing Sq., Willowdale, M2J 1T1, Ontario, Canada. That 
$3500 gete you e 16K memory, the APL program, keyboard and 
numerical keyboard, and plasma display. Cassette (which 
apparently stores and retrieves arrays by name when called 
by the program) ie $1500 exira. RUNS ON BATTERIES. Sorry, 
no green stamps. (Note that the APL processor takes up most 
of the 16K, but you can get more.) 


= 8 © © © © = 8 # 2 «2 


The rumor that 15M has APL on a chip, inelde a Selectric 
~~ which therefore does all these things with no extern: 





connection to any (external) computer-- remaine unsubstantiated. 


The rumor has been eround for some time. 
But it's quite possible. 


The thing is, It would probably destroy IBM's entire 
Product line-- and pricing edifice. 


Few people know all of APL, of would want to. 
The operetions are diveree and obecure, 
and many of them are comprehensible only 
to people In mathematical fields. 

However. if you know a dozen or eo you can 
really get off he ground. 


———— 


As in BASIC, you can use subscripts to 
get at specific elements in arrays. Referring to 
the examples ebove, if you type 


JOE Ea 


you get back on your typewriler Ite value 


and if you type 








There are basically four kinds of information 
used by APL, and all of them can be put in arrays. 
Three of these types are numerical, and arrays of 
them look like this on paper: 


Integer arraye: 2 4-6 8 10 2048 


Scalar arraya: 2.5 -3.1416 0.001 2705339.1 
(a ecalar is something that can be 
meaoured on a ruler-like acale, 
where (here are always points 
in betweeen.) 





Logical arraye; 1000101 
(these arreys of on d zeroes are 
called "logical" for a variety of 
reasons; in (his case we could call them 
"logical" elmply because they are used 
for picking and choosing and deciding.) 





These three numerical types of Information may be 
freely intermixed In your arrays. One more type, 
however, Is allowed. It's hard to figure out from 
the manuals, but evidently this type can't be 
mixed In with the others (oo freely. We refer to 
the alphabetical or "Iileral" array, ae in 








The quick brown fox Jumped over the lazy dog. 


Now, pre-written APL programa can print out 
literal information, and accept it from a user at 

a terminal, which is why APL Is good for the 
crestion of systems for naive veers (see "Good-Guy 
Systeme,” p. '3). 


Literal vectora may be picked apart, 
rearranged and aasembled by all the regular APL 
operators. That's how we twiddle our lent. 


CRASHING THE SYMBOLS TOGETHER 


Now that we know about the operators and 
the arrays, what does APL do? 


U works on arrays, singly and in pairs, 
according to those funny-looking symbols, as the 
APL processor seane right-to-left. 


IVERSON'S TAFFY-PULL 


A number of basic APL operators help you 
stretch, squish and pull apart your erreya. 
Conalder the lowly comma (calted "ravel,” which 
means the eame as "unravel"). 


+A forget A's old dimenslona, 
make It one-dimensional . 
A.B make A and B one long 
one-dimensional array . 


Here ls how we make things appear and disappear. 
(Compression .") 


A4/B A must be a one-dimensional 

array of oned and zeroes. 
‘The result is those elements 
of B selected by the ones. 
Example: 

lot/eat 
resulte in 

et 


The oppasit h has the opposite effect, 
Inserting extra null elements where there 
are zeroes: 





1101\3 59 
reaulte in \ 
3509 


Here's another selector, This operator 
takes the flret or last few of A, depending on lze 
and eign of B: 
Bta 

and BY A Is the opposite. 

if you want to know the relative positions of 
numbers of different sizes In » one-dimensional 
array, 

4 (oame of array) 

will tell you. It gives you the positions, in order 


of alze, of the numbers. And q does It for 
descending order. 


These are Just samples. The Ust gues 
and on. " en 


SAMPLE PROGRAMS 


Here is an APL program thal types out 
backwarda what you type In. First look at the 
program, then the explanation below. 


V REV 
a) 1«- 


WW) ee 
V 


Explanation. The down-polnting triangles 
dele") symbolize the beginning and end of a 
program, which In thia case we have called REV. 
On Line 1, the "Quote-Quad” symbol (on the right) 
causes the APL processor to walt for alphabetical 
input. Presumably the user will type something. 
The uaer'e Ilne of Input Ia stuffed Into thing or 
array 1, The user's carriage return tells the APL 
processor he has finished. so |¢ continues in the 
progrem. On the second line, APL lakes array J 
and does a one-sided @ to Il, which happens to 
mean turning it around. Left-arrow into the 
quote-quad eymbol means print It out. 


Because of APL's compactness, indeed. this 
magnificent program can all go on one line: 


Vi onev 
[]Oe¢¢r- 
Vv 


Firet the input goes into I. then the processor does 
a p 1 (revereat) and puta it oul, 


And here Is our old friend, the fortune-cookie 


prisoner. 
V INF 


ce Me aes LAM CAUGHT IN A LOOP! 


Vv 


On Une 1 the program printa out whatever's In 
quotes, And line 2 causes It to go back and do 
Mine 1 again. Forever. 


JHE TESFAND-BRANCH NG ATL 


Il should be mentioned at this point that 
branching tests ere conducted in APL programs 
by specifying conditions which are eilher true or 
false, and APL's answer is | if true. 0 if false. 
(Thie is another thing (hese logical arrays are for.) 





Example: 


a>2 


hh 


Thie operation leaves the number 1, because 3 
Je greater than 2. So you could branch on a test 
wlth something Uke 


—rTe ADB 


which branches to line 7 in the program if A ls 
greater than B, and is ignored (as an unexeculable 
branch to line zero) if B le greater than A. 


Some love It, some hate it. 


THE APL ENVIRONMENT 


Aelde from the APL language itself, to 
program in APL you must learn a lot of "syatem” 
commands, alphabetical commands by which to tell 
{he APL processor what you want to do In general 
-- whal to atore, what to bring forth (rom storage. 
and 80 on. 


Ordinarily you have a workspace. a collec- 
lion of programa and data which you may summon 
by name. When It comes-- that is, when the com- 
puter has fetched thie material and announced on 
your terminal that It ia ready-- you can run the 
programe and use the data in your workspace. 
You can also have passwords for your different 
workapaces, so othera at other terminals cannol 
tamper with your etuff. 


This Is not the place to go Into the system 
commands. If you're serlous. you can learn them 
from the book or the APL salesman. 


There are many, many different error 
messages that the APL processor can send you. 
Gepending on the cireumetances. 11 1s possible 
lo make many, many mistakes in APL, and 
there are error messages for all of them. All 
of them, that Is, that look to the computer like 
errore; If you do something permlasible that's 
not what you Intended, the computer wll) not 
tell you. 


But it la a terminal language, designed to 
help people muddle through. 


Good luck! 


INERSO\'s 
STRANGE AUD WoNdEReUL 
CHolces OF SemBoLs 


Iverson's notation is bullt around the 
curious principle of having the same symbole mean 
two things depending on context. (Goodness 
knows he uses enough different symbols; doubling 
up al least means he doesn’t need any more.) tt 
turns out thet [his notation represents a consistent 
series of operallone in astounding combinations. 


The overall APL language. really, is the 
carrying through of this notation to create an |m- 
mensely powerful programming language. The 
impetus obviously came from the dealre to make 
various intricate mathematical operations edgy to 
command. The result, however, Ie a programming 
language with great power for simpler tasks as well. 


Now. the consequences of thie overall Idea 
were nol determined by God. They were worked 
oul by Iverson, very thoughtfully, so aa to come 
oul symmetrical-looking and easy to remember. 
What we see ie the clever exploitation of apparent 
but Inexact symmetries In the ideas. Often APL's 
one-sided and two-sided palrs of operators are 
more suggesUvely elmilar than really the same 
thing. 


When Iverson assigns one-alded and two- 
sided meanings to a aymbol, often the two meanings 
may look natural only because Iverson |s euch an 
artist, Exemple: 


two-sided one-sided 
AAB 4B 
A times B the algn of B 


This makes sense. To argue thal It ia inherent in 
“taking away half the idea of multiplication," 
however, 1s dubious. 


Some symmetries Ivercon has managed to 
come up with are truly remarkable. The arrow, 
for Instance. The left arrow: 


AmB 
Aasignment statement: B (which 
may have been computed during 
the leftward scan) ia assigned 
the name of A; 


and the right arrow: 


7B 
The Jump statement, where B 
(which may have been com- 
puted ducing the le(lward scan) 
le a statement number: the 
program now goes and executes 
that line. 


This symmetry | mystically interesting because 
the assignment and jump statements are so basic 
to programming. 


Or conaider thie: 


Dex 


print X. 


x-O 


take Input from the user and 
stuff M Into X. 


Another weird example: supposedly the 
conditional branch 


> B/A 


(one way of wrlilng. “jump to A if B le true") 

Is a special case of the “compression” operator. 
(Berry 360 primer. 72 and 165.) This is very 
hard to underetand, although it seems clear while 
you're reading it. 


On the other hand, (here is every indication 
that APL la eo deep you keep Cinding new truths 
in il. (Like the above paragraph.) The whole 
thing is Just unbelievable. Hooray for all that. 


APL FOR USER-LEVEL SYSTEMS 
(See "Good-Guy Syatema.” p. 3) 


Because APL can solicit text Input from a user and analyze li, 
the language is powerful for the creation of user-level environments 
and systems-- with the drawback, universal to all IBM terminals, 
that input lines must end with specific characters. In other words, 
it can't be as fully interactive as computer languages that use ASCII 
terminals. 





Needless to say, the mathematica) elegance and power of the 
ayetem 1s completely unnecessary for most user-level systema. But 
It's nice lo know it's there. 


APL Ie probably best for systems with well-defined and seg- 
regated files-- "array-type problems," like payroll, accounte and 
goon. [t le not suited for much larger amorphous and evolutionary 
stuff, the way list languages Ilke TRAC ate. Don't use APL if 
you're going to store large evolving texte or huge brokerage date 
bases, like whal tankers are free in the Mediterranean. 


The quickest payoff may le in using APL to replace bualness 
forme and hesten the flow of information through a company. A 
salesman on the road with an APL terminal, for instance, can at once 
enter his orders In the computer from the customer's office, checking 
Inventory directly. If the program le up. 


ROUND (an obecure and donnish Joke) 


» the Greek letter “rho,” ls an APL operator 
for teating the elze of arrays. When used 
In the one-alded format, It gives the 
of each dimension of an array. 
Thus ot 
“A. when A ls 
rol Bi 
And now 
Pr ‘YOUR BOAT' 
equals 6, since there are @ letters 
in the array ‘YOUR BOAT': 
fpvour BOAT’ 
Ist, 
since f 9 is 1, and 


Arp ‘xourk BOAT’ 
1s kewlee 1. 





en 


This language te superb for “sclentific™ programming, 
including heavy number crunching snd exper— 
Imentation with different formulas on small 
data bases. (Big Daces a problem.) 

It le alo not bad for « variety of elmple busine 
applications, such as payroll, accounting, 
billing and Inventory. 






FAST ANSWERBACK IN APL 





If you want quick answers, the APL terminal 
Just gives you the reault of whatever you type In. 
For instance, 


ana 
will cause It to print out 
12 


and the same goee for far less comprehensible 
stuff ike 


72 ho 2.12.3 4 (carriage return) 


lyped-In array 


PROGRAMS IN APL 


But the- larger function of APL Is to create 
Programe thet cen be stored, named and carried 
‘out at a later time. 


For this, APL allows you to define programs, 
a line at a time. The programs remain stored In the 
system se long as you want. Using the Del” 
operator (7). you tell the eyatem that you want lo 
put Ina program. Del causes the terminal to help 
you along In varlous ways. 





A nice feature ie thal you can lock your APL 
programs, that Is, make them Inaccesslble and 
unreadable by others, whether they are 
programmers or not. In thie case you define a 
program starting with the mystical eign del-tllde 
(RB) instead of de) (7), and invoke the names 
of dark epirite. 





APL, like BASIC, can be classed as an “algebraic” 
language-- but this one Js bull to please 
rea) mathematiclans, with high-level stuff 
only they Know about, Ilke Inner and Outer 
Products. 

Paradoxically, (his makes APL terrific for teaching 
these deeper mathematical concepts. helping 
you see the consequences of operations and 
the underlying structure of mathematical 
things. Matrin algebra, for Instence, can be 
visualized a lot bétter by working up to It 
with leaser concepta (like vectors and 
Inner products) enacted on an APL terminal. 

It would be really swell Lf someone would put to- 
gether a tour-guide book of higher mathem- 
atice at the grade/highschool level for people 
with accese to APL. 

Interestingly, Alfred Bork (U. of Cal. at Irvine) 

Js taking similar approach to teaching 
phyalca, ualng APL as « fundamental 
language In his physics courses. 














SNEAKY REPEATER STATEMENT IN APL? 


‘One of the APL operators, "ota" (1). 
seema to make Ite own program loop within a line. 
When used one-sided, || furnishes « series of 
ascending numbers up to the number |l’s operating 
on. This until the last one ie reached. 


Youtype: 3n17 
APL repiies: 3 6 ® 12 15 18 21 


In other words, one-elded lota looks to be 
doing [te own Uttle loop, Increasing Its starting 
number by 1, untll It gets to the value on ite right, 
and chugs on down the line with each. 


Vary sneaky way of doing a loop. 


However! It lan't really looping, exactly. 
What the lote does Is create « one-dimensional 
arrey, a row of Integers from 1 up lo the number 
on Its right. This result ls what than moves on 
leftward. 


WHERE TO GET IT 


IBM doesn't sell APL services. Thelr time- 
eharing APL |e available, however. from various 
suppilers. Of course, ihat means you probably 
have to have an IBM-type terminal, unlesa you find 
a eervice that offers APL to the other kind-- an 
addition which seems to be becoming feshionable. 





Usual charge Is about ten bucks an hour 
connect charge, plus processing, which depends 
on what you're doing. It can eaelly run over $15 
‘an hour. though. and more for heavy crunching 
or printout. 60 watch It. 


The salesman will come to your house or 
office, verify that your terminal will work (or 
tell you where you can rent one), patiently show 
you how to sign on, leach you the language for 
maybe an hour if he's a nice guy, and proffer 
the contract. 








APL eervices are probably safer to sign 
onto, In terme of risked expences, than most other 
time-sharing systems. (Though of couree all 
time-sharing Involves financial risk.) Because 
the system je restricted only and exactly to APL. 
you're not paying for capabilities you won't be 
using, or for massive disk storage (which you're 
not allowed In moet APL services anyway), or 
for acres of core memory you might be templed 
to ll. 





> In other words. APL Is a comparatively 
stralght proposition, end highly recommended if 
you have a lot of math or statiatics you'd Ike to do 
on a fairly emali number of cases. Aleo good for 
a variely of other things. though, including fun. 


Different vendore offer interesting veriations 
on IBM's basic APL\ 360 package. as noted below. 
In other words. they tompete with each other in 
part by adding features (o the basic APL\ 360 pro- 
gram, vylng for your business. Each of the ven- 
dore listed alo offers various programs In APL 
you can use interactively al an IBM-type terminal, 
In many cases using an ordinary typeball and not 
seeing the funny characters; though how clear and 
easy these programe are will vary. 











And remember, of course, thal you can do 
your own thing. or have others do It for you, 
using APL. 


APL is elso available on the PDP-10, and 
presumably other non-IBM big machines. 


‘THE VENDORS 


Selentific Time-Sharing Corporation (7316 Wiscon- 
sin Ave., Bethesda MD 20014) calle its 
version APL*PLUS. They'll send you « 
nice pocket card summarizing the commands. 





APL*PLUS offers over twentyfive 
coneentrators around the country, per- 
milling local-call services In such metro- 
polltan centers aa Kalamazoo and Rochester. 
(Firms with offices In both citles, please 
note.) 


They aleo have an "AUTOSTART" 
feature which permits the chaining of pro- 
grams into grand complexes, #0 you don't 
have to call them all Individually. 


APL*PLUS cherges the following for 
storage. if you can dig It: $10 PER MILLION 
BYTE-DAYS. (A byte Is usually one 
character.) The censue Is probebly taken 
once a day. 





This firm also services ASCII ter- 
minajs, which some people will consider 
ig help. That means you can have 
e usere of APL programe at ASCII 
terminals. and thet you ean also program 
from the few APL terminals that aren't of 
the IBM type. 





Time Sharing Resources, Inc. (777 Northern Blvd., 
Great Neck, N.Y. 11022) offers a lot of APL 
service. Including text systems and various 
Kinds of Mlle handling, under the name 
TOTAL/APL. 


Among the interesting features 
Time Shering Resources, Inc. have added 
Js an EXECUTE command, which ellowe an 
APL atring entered at the keyboard In 
user on-line mode to be enecuted a0 atraight 
APL. Thie is heavy. 


Perhaps the most veraatile-sounding APL eervice 
Tight now Je offered by, of all people, a 
subseldlery of the American Can Company. 
American Information Services (American 
Lane. Greenwich CT 06830) calls (heir 
version VIRTUAL APL, meaning thet it can 
run In "virtual memory"-- a populer 
misnomer for virtually unlimited memory-- 
and consequently the programmer is hardly 
subject to space Umitations at all. Moreover, 
files on the AIS system are compatible with 
other IBM languages, 60 you can use APL to 
(ry things out quickly and then convert to 
Fortran, Cobol or whalever. (Or, conversely, 
= company may go from those other languag: 
to APL without changing the way thelr files 
‘re stored on this service.) APL may Indeed 
Intermix with these other languages. how 
je unclear. 





And the prices look especlally good: 
$8.75 an hour connect, $15 a month minimum 
(actually thelr minimum dik space rental 

-- 1 IBM cylinder-- 00 for that amount you 
get s lot of storage). But remember thera 
are till core charges. and $1 per thousand 
characters printed or transferred to storage. 


In the Weal, a big vendor Is Proprietary Computer 
Systems, Inc.. Van Nuys. California. 





rie) 


TERMINALS 


For an APL lerminsl, you might Just want a 
2741 (rom 1BM (ebout a hundfed a month, but on @ 
year contract). 


Or eee the list under "Terminals" (p.\4). 
or ask your friendly APL company when you algn up. 


Two more APL terminals, mentioned here 
Instead of under "Terminsls" for no apecial reason: 


Tektronix offere one of ite greenle graphics 
terminals (see Mip side) for APL (the model 4013). 
This permite APL to draw pictures for you. It 
seems to be an ASCII-type unit. 


Computer Devices, Inc. supposedly makes on 
an APL terminal using the nice NCR thermal printer, 
which Is much faster and quieter than a mechanical 
typewrller. Spookler, though. And the special 
paper coste a lot of money. 
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A.D. Falkoff and K.E. Iverson, APL\360 Users! 
Also avalleble from IBM, no 
publication number. 
POCKET CARDS (giving very compressed sum- 
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Power and almplicity do not often go together. 

APL Is an extremely powerful language for 
mathematics, physic! tiatics, almulation 
and #0 on. 

However. It Je not exactly almple. It's not easy 
to debug. Indeed, APL programe are hard 
to understand because of thelr density. 

And the APL language does not Mt very well on 
minis. 


a 


APL In not Just # programming language. 
It ls also used by some people as a definition or 
description language. that Is, « form of notetion 
for stating how things work (lawe of neture, 
algebraic systems, computers or whslever). 











For instance, when JBM's 360 compuler 
came out. Iverson and his friends did e very 
high-class article describing formally in APL 
Just what 3608 do (the machine's architecture). 
But of course this was even lees comprehensible 
than the 380 programming manual. 


Falkoff. A.D., K-E. Iverson and E.H. 
Sussenguth. "A Formal Description 
of System/360.” 12M Systema Journal. 
v.3no. 3, 19 

The formal description In APL. 





1BM System/360 Operating System: Assembler 
Lanj » Document Number 


C28-0514-X (where X Is a number 
algnitying the latest edition). IBM 
Technical Publications, White Plains 
New York. 

The Manual. 
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DAT STRUCTURE: 


INFORMATION SETUYS 


One of the commoneat and most destructive 
myths about computers {8 the idea that they “only 
deal with rrumbers.” This ja TOTALLY FALSE. 

Not only ie it a ghestly misunderstanding, but It le 

often an Intentional misrepresentation. and a8 such, 
not only is ita misrepresentation but It te a damned 
lie. and anyone who tells it le using "mathematics" 

as a wel noodle to beat the reader with. 


Computers deal with symbols and patterns. 


Computers deal with symbole of any kind-- 
letters, musical notes, Chinese ideograms, arrows, 
jee cream favors, and of course numbers. (Num- 
bers come also In various favors. simple and 
baroque. See chocolate box, 24, 


Data structure means any symbols and pal- 
tern up for use In a computer. 1( means what 
things are being (aken Into account by @ computer 
program, and how these things ere set up-- what 
eymbols and arrangements are used to represent 
them. 





The problem, obviously , 1s Representing 
The tnformation You Want Just The Way You Want It, 
in all its true complexities. 





(This 1s often forbiddingly stated as "making 


a mathematical model”-- but that's usually in the 
rhetorical, far-fetched and astrel sense in which 
all relations are "mathemalical” and letters of the 
alphabet are considered (o be 8 special distorted 
kind of number.) 


Now it happens thal there are many kinds of 
date structure, and they are Interchangeable in 
intricate waya. 


The same dete, with all ite relationships and 


intricacies, can be set up in a vast varlety of ar- 
rangements and styles which are inside-out and 
upside-down versions of each other. The same 
thing (say. the serial number, 24965, of an auto- 
mobile) may be represented in one dela structure 
by @ set of symbols (euch as the decimal digits 
2, 4, 9, 6, 5 in that order), and in another dal 
structure by the position of something else (such 
ae the 249651h name in a lisl of automobile owners 
registered with the manufacturer). 





Furthermore, many different forme of data 
may be combined or twisted together in the same 
overall setup. 


The deta structure chosen goes a long way 
in imposing techniques and styles of operation on 
the program. 


On the other hand, the computer languege 
you uge has a considerable effect upon the deta 
structures you may choose. Langueges tend to 
Impose etylea of handling information. The deci- 
sion to program a given problem in a specific lan- 
guage, such as BASIC or COBOL or APL or TRAC 
Language, elther locks you into specific types of 
deta structure, or exerta considerable pressure to 
do it @ certain way. In most cases you can't set It 
up Juat any way you want, but have to adjust to 
the lenguage you are using-- although today's 


uneonges tend to allow more and more types of 
jata. 


Plainly, then, It ie these overall structures 
thal we really care about; but to understand over- 
all structures, we need an idea of ell the different 
forme of data that may be put in (hem. 





VARIABLES AND ARRAYS 


The earliest date structures in computers, 
and still the predominating one®, sre vart. 
arr (We met them earlier under BASI 

ep and APL, see wy. 12-5) 








A variable |s a space or location in core 
memory. (For convenience, most programming 
languages allow the programmer to call a variable 
bya Rame. eo that he doesn't have to keep track 
of iia numerical address.) 


rere 
(ete 
joer 








les and 


also called a table) ie a section 


An array G 
of core memory which the programmer cordons off 


in 
for the program to put and menipulate date In. 
SPENCER 1g the name of the array, then SPENCER (1) 
is the first memory slot in It, SPENCER (2) Is the 
second, and so on up to however big it ls. 


era 





| wma) 


eel 


(You can get a feel for how this ordin- 
arily relates to input from outside-- see "How 
Data Comes, Goes, and Sits," nearby.) 


The contents of a numerical fleld, or 
plece of data coming In, can simply be stuffed 
by the programmer into a variable. 


The contents of @ record, or unified 
set of fielda, can get pul into an array. The 
program can then pick into it for separate 
variables, If desired, or just leave them 
there to be worked on. 


Then you twiddle your variables with 
your program as desired. 


When you've done one record, you 
repeat. That's how lots of business programs 
go. Some other routine kinds, too. 


FANCY STRUCTURES 


Many forms of advanced programming are 
based on the idea that things don't have to be slored 


nent to each other, or In any particular order. 


If things aren't nent to each other, we need 
another way the program can te)) how they belong 
together. 


A pointer, then-- sometimes called a IInk-~ 
Is 8 piece of data that telle where another piece of 
data le, In some form of memory. Pointers often 
connect pieces of data. 


‘One piece Pointer | 
oh Detes Nt sta 
‘Another plece 
of Data 


A pointer can be an address In core memory: it 
ean be an address on disk (diskpointer); It can 
point to 4 whole string of data, such as a name. 


when there is no way of knowing in advance how 
long the string may be (atringpolnter) . 








A series of pieces of data which point to each 
other in @ continuing sequence is called » threaded 
list. 


pet 
pa ey 
[o] e]_—>} J Ff 


For this reason (he handling of date held together 
by pointers-- even though it may make all sorts of 
different patterns-- is called list processing. (The 
(The term "list processing” might seem to go a- 
gainel common sense, as it might suggest something 
like. say, a leundry List, which is structured in a 
very simple blocklike form. But that's whal we 
call It.) 





Prominent list-processing languages include 
SNOBOL, L§ and LISP (eee p.S!). There is argu- 
ment ag to whether TRAC Language is a list-proc- 
easing languege. 


Here ere some interesting structures thet 
programmere create by list processing: 


RINGS (or cycles). These are arrangements 
of pointers that go around in a circle to their [iret 


item ageln. be 
= es 
So on 


TREES. These ere structures that fan out. 


(There are no rings in a tree structure, technically 
speaking.) 


aes 
wi fi IWS 
Oaoanau aarti 


GRAPH STRUCTURES (sometimes called 
plexes). Here the word "graph" is not used in the 
ordinary wey, to mean a diagrammatic sort of pic~ 
ture, but to mean any structure of connected 
points. Rings and trees are special cases of graph 


O 
goes 


Et 


Graph slructures 
can go any which way. 


FAST-CHANGING DATA 


One of the uses of auch structures ie in 
strange typee of programs where the Interconnee- 
tions of information are changing quichly and 
unpredictably. Such operations happen fast In 
core memory. In this kind of Programming (for 
which languages like LISP, SNOBOL and TRAC 
Language are especially convenient), the pointers. 
are changed back and forth In core memory, every 
which way, all the lime. Presumably according to 
the programmer's fiendish master plan-- if he's 
gotten the bugs out. (See Debugging, p.3o,) 


FANCY FILES 


But these structures are not restricted to 
data in core memory. Complex and changeable 
filee can be kept on disk in various waya by the 
same kind of threading (called "chaining" on masa 
storage). 


CHAINED FILE ON DISK 


ee 


Another way of handling changeable files is 
through @ so-called directory block, which keeps 
track of where all the olher blocks are stored. 


(oL airsetery Weck 
Ko IN 


CV EY 1+ 0 trees of file 


But these techniques, you see. may be used 
In both fast and slow operations, and for any pur- 
pose, so Irying lo categorize them tends not te be 
helpful. (Note also that these techniques work 
whether you're dealing with bits. or characters, 
or any other form of data.) 


Dala structure 

may consist of 

any conceivable 

symbolic representations, 
knitted into 

an overall information setup. 





Note: Dy decent standards of English, 
the word data should be plural. datum sin- 
gular. But the matter is too far gone: data 
is now utterly singular. like “corn” and 
njnformation,” a granular collective which 
may be scooped, poured or counted. 


But I draw the line at media. Media 
ig plural! 





A CLASSIC ISUNDERSTANDING- 


"Computers put everything into pigconholes.” 


Wrong. People put things into pigeon- 
holes. And designers of computer progrems 
can set up lousy pigeonholes. if you let ‘em, 
More sophisticated programming can often 
avoid pigeonholes entirely. 


A Bi Is Nit A Flee 


People who want to feel With It 
occasionally use the term "bit" for 
any old chunk of information, like a 
name or address. This is Wrong. 

A Bil is the smallest piece of binary 
Information, an {tem that can be one 
of two things, like heads or taile, 

X or Q, one or zero; and ajl olher 
information can be packed into a 
countable number of bite. (Hew many 
may depend on the data structure 
chosen.) 


Ae a handy rule of thumb: 
every letter of the alphebet or punc- 
tuation mark la eight bils (eee ASCII 
box); for heavy storage of everyday 
decimal numbera, every numerical 
digit can be further packed down (to 
four bits in BCD code). 


dete of let reign, if ony 17 atert_ (11 bite) Tho. months, 
dete of 24 reign, if any 18 [start (11 bite) jno. montna 


A CONCRETE EXAMPLE. Suppose we want 
to represent the genealogy of the monerche of Eng- 
England, so far as ls known, In a computer data 
structure. NOTE THAT A DATA STRUCTURE IS 
DIFFERENT FROM A PROGRAM: if several progrem- 
mers agree beforehend on a data structure, then 
(hey can go separate ways and each can write a 
progrem to do something different with it-- if they 
have really agreed on a complete and exact layout, 
which they may only think they've done. 


First we consider the gubject matter. Gen- 
ealogy is conceptually simple to us, but as date 
is not as trivial ag It might seem at first. Every 
person has two parents and a specific date of birth. 
Each pair of parents can have more than one child. 
and individual parents can at different times share 


parenthood with different other Individuals. 





Presumably we would like a deta structure 
that allows a program to find out who was e given 
person‘a parent, who were a givan person's chil- 
dren, what brothers and sisters each person had, 
and similar matters (so far as ie known by histor- 
jens-~ another difficulty). 





Note that just becauge It ia simple to put thie 
Information in a wall chart, that does net mean It 
ie simple to figure out an adequate data structure. 


Note too, that any aspect of the data which 
Jo left out cannot then be handled by the program. 


What's not there ie nol there. 





@ language lke, 
aay, TRAC Languege, and use Ite basic units (in 
thie case, "forma”) to make up a data structure 
whose Individual sections would show parentage, 
dates, brothers and aleters and 0 on, 








‘The braver approach is to try to set it up 
for something tlke FORTRAN or BASIC. languages 
which treat core memory more like a numerically- 
addressed array or block, @8 does rock-bottom 
machine language. 


Let ua assume thet we have decided to use 
an array-type data structure, for inslance to go 
with a program In the BASIC language on a 16- 
bit minlcomputer. We do not have much room 
in core memory. so for each person In our dat 
structure we are going to have to store a sep! 
rate record on a disk memory, and call It into 
core memory as required. 





After much hesd-acratching, we might 
come up with something like the following. It 
is not a very good data structure. It is not a 
very good dala alructure on purpose. 


It uses a block of 28 words, or 448 bits, 
per individual, not counting the length of his 
name, which Is an addilionel @ bits per char- 
acter or space. However, thie in lteelf le nei- 
ther good nor bad. It's more than you might 
expect, bul lese than you might need. 


neldentelly, out of concern for storage 
space, some date flelda ere packed more than 
one to @ 16-bit computer word. This ls ecorn- 
fully called bit-fiddling by computerfolk who 
work on big machines and don't have to worry 
about euch matiers.) 


Monarch no. (if any) /eex +-(1 bit) 


1 
individual's own 2 [ serfal tio. 
(name) 3, | atringpointer 
4 [. wo 16-bit word long) (awe, 
mother 5 | serial no. _ : 
father 6 "eerlal no 
brothera 7 | eerial no 
(up to five) 8 1s 
a5 : 
10 | 
wit 
sisters 12 | serial no. 
(up to five) 13 : 
4 as 
15 . 
16 









female children, 19 
up to five 20 





male children, 24 
up lo five 25 





Ae explained already, that was the ba je 
block. We still have to keep the names some~ 
where, In a atring area. Whether lo keep thie 
In core all the time, or on disk, Is a decialon 
we needn't go Into here. 


NAINE AKER (rghel 2,10) 


fo a 1o-bit we 


ODD LETTERS EVEN CETITKS 








Here are some assumptions ] have embodied 
in this date structure. That is, | had them in 
mind. (The parts you didn't have In mind are 
what get you leter.) 


Parente and children of monarche 
are included, as well as 
monarchs. 

All monarchs have a separate mon- 
arch number. 

No monarch reigned more than 
twlee. (7) 

No monarch or parent of a monarch 
hed more than five children 
of one sex. (Note the danger 
of these sseumptions.) 

We are not interested In grandchll- 
dren of monarchs unless they 
are also monarchs, or slblings. 
or parents of monarchs. 

The information about the different 
people can be input in any 
order, as the years of reign 
can be stepped through by a 
program (o find the order of 
relgn. 


If this seems like too much bother, that is 
In @ way the point. Data structures must be 
thought out. Since computers heve no Intrinsic 
way of operating or of handling data (though 
particular languages will restrict you In partic- 
uler ways), you will have to work all this out, 
and a cerelessly chosen data structure will leave 
something out, or fail to distingulsh among im- 
portant differences, or otherwise have ita revenge. 





(For instance, if you haven't noticed yet: 
we left out legitimacy. For many purposes we 
want to know which kings were bastards.) 


(Self-test: is Gve bits long enough to ex- 
press the greatest number of months any English 
monarch reigned? -- see "Binary Patterns." Or 
do we have to fix this data structure on that 
score aleo?) 


To give you a sense of the sort of program 
this dale structure allows: 


A program lo ascertain how many kings 
were the sons of kings would look al each entry 
that had a monarch number, test whether the 
monarch waa male, and if male, would look al 
the male parent's scrial number. Then it would 
look up that parent's entry, and see whether it 
in turn had a monarch number, and if so, add 
one lo the count it was making. Then it would 
ge back to the entry it hed been looking al. 
and step on to the one after that. 


This ie actually a pretty lousy data struc- 
ture. The clumsiness of this approach to such 

data-- and you are welcome to think of a better 
one-- shows some of the difficullies of handling 
complex date about the real world. Things like 
lengths of names and numbers of relatives pro- 

duce great irregularities. bul make these kinds 

of data no less worth of our altention. 





We could add lots of things to our data 
structure (and s0 make il more unwieldy). For 
Instance, we might want to mark each serial 
number speclally if it referred to someone who 
was the offspring of a monarch. We could sim- 
ply set a particular bit to 1 in the serial number 
for them (called a flag or tag). We could also flag 









complexity with which infor may be rep- 
resented. Bul doing it right can, as alwaya, 
be troublesome. 





A lot of computer people want to avoid 
dealing with complex data; perhaps you can be- 
gin to see why. sut we must deal with the 
true complexities of informetion; therefore lan- 
guagee and systems thal allow complex informa- 
(ion structures must become belter-known and 
easier lo use. 


THE FRONTIER: COMPLEX FILE STRUCTURE 


The arrangements of whole files-- groups 
of records or other info chunke-- are up to the 
programmer. The structure of files is celled, 
not surprisingly. file structure, and It Is up to 
the programmer to decide how hia Miles should 
be arranged. 


Hablite die hard. The notion of eequence-- 
even false. imposed sequence-- Is deep In the 
racial unconscious of computer people. An inter- 
eating concrete term shows thie nicely. Because 
computer people often think any file should have 
@ basic sequence, they use the term inverted 
file for a file that has been changed from ite 
basic sequence to another sequence. But increas- 
ingly, all the sequences are false and artificial. 
Where now are inverted files? All files are In- 
verted If they're anything. 


Fortunately, the final frontier of data 
structure ls now Increasingly recognized as the 
control of complex storage of files on disk mem- 
ory. The letest fancy term for thie is data bese 
system, meaning planned-out overall sto! 
you can eend your programs to like messengers. 





The fect that IBM now has moved into thie 
erea (with ita Intricate "access methods” and all 
thelr Initials) means complex storage control has 
fnaily arrived, although the pioneering work 
was done by Bachman at GE some years ago 
(see bibliography). Till the last few years, 
external slorage. with pointers and everything, 
has not been conveniently under the programmer's 
control except in crude ways. Finally we are 
seeing systema beginning to gel around that 
automelically handle complex file structures in 
versatile ways that programmers can use more 
easily. 
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There is a growing feeling that data Proceasing people 
would benefit if they were to accept a radically new 
point of view, one that would liberate ihe application 
programmer's thinking from the centralism of core 
storage and allow him the freedom (o act as a neviga- 
lor within a database. ... This reorlentation will 
cause as much anguish among programmers a6 the 
heliocentric theory did among ancient astronomers and 
theologians." 

Charles W. Bachman 

(piece cited in Bibliography) 


Remember the song that had 
a pointer data atructure? 


(in alphabetical order) 


ANKLE BONE 

BACK BONE 

FOOT BONE &: 
—> HEAD BONE 

HIP BONE 

KNEE BONE 

NECK BONE 

SHIN BONE 

SHOULDER BONE 

THIGH BONE 
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calls his work Mem-Theory, Mem is from 
memory. and aleo, conveniently, a Hebrew 
letter. 





This Is an extremely ambitious study, 
as it in principle embraces not Just much 
or all of computer science, but perhaps 
mathematica Itself. Math freaka attention: 
Holt has sald he intended to derive all of 
symbolle logic and mathematics from 
Telations and pointer structures. Let‘a 
hear 11 for turning Russell on his head. 








1 don't know if Holt has published 
anything on it in the open literature or not. 


However, he does have # game 
available which seems weirdly to embody 
these principles. The game of Mem Is 
available for $6.50 postpaid ($6.86 to 
Pennsylvanians) from Stelledar, Inc., 

1700 Walnut St., Phile. PA 19103. [t hes 
beautifully colored pieces, looks decepilve- 
ly simple, and je unlike anything, except 
discrete abstractive thinking ilself. Recom- 
mended . 
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Some TIMES tr JUST STS THERE 
Some nines 7 Cowes ANDGOES. 


Data usually has to be marshalled into 
rows, or even regiments and bettallone, before 
it can go into e computer. 


(Some people just get their data Into a 
computer by sitting at a terminal and typing 
it In. perhaps anewering questions typed to them 
by 8 front-end program. But they're the lucky 
ones. Most of ue have lo get the data set up 
‘on some kind of holding surface before it gets 
fed in. That's an input medium. ) 








DATA MEDIA 


A dala medium ("medium" ie the singular 
of "media") is anything that holde the marks of 
data outelde the core memory of a computer. 
Thus punched cards and punched paper lepe 
may be used as input media, used for putting 
Information into a computer. (Each medium 
needs @ corresponding ut or output device, 
to whisk acrose the surface and translate ita 
marks of holes Into the corresponding electronic 
pulses.) 


There are three types of data media: 
input, output and storage media, An input 
medium carries the data in. An output medium 
recelvee the results of a program; for Instance, 
a sheet of paper coming out of a printing device 
fe an output medium, as le @ punched card or 
punched paper tape. 


Storage media are output media that may 
be used as input media later on. Thus punched 
cards and punched paper tape can be slorage 
media. Bul the better storage media uee mag- 
netle recording (which le fester and less bulky). 
Mxe magnetic tape and disks, or Just plain 
"disks" as we generally call them. (See fuller 
list of mag media under “Peripherala.” p. 5) .) 


The unite and arrangements of data used 


for input, output and storage are in principle 
not necessarily the true ones of the data structure 
used by the program. The blocks and records 

of storage, for instance, may have irreguler 

data with pointers eltting in them. (Unfortun- 
ately there ie some cerryover, in that program- 
mers are tempted to use date structures which 
are easy to slore and run in and out, rather 

than handling the true complexities of the sub- 
ject. This is always a temptation.) 








Let ue consider the units and errangemente 
of data used for Input and output and storage. 
These are, respectively, fields, recorde, files 
and blocks. 


THE PUNCH CARD 


Let'a begin with @ fun example: that 
hoary old medium for input and output, the 
punched (or "punch") card. The punch card 
will show ue what a Meld is. 


The punch card Is generally believed to 
have been Invented by Herman Hollerith (al- 
though the author's In-laws had bitter recollec- 
done to the contrary). 11 was firet used on a 
broad scale to count up the census of 1890, and 
leter became an early cornerstone of IBM, but 
that’s another story. 


The punches on a card represent a row 
of Information (such as a row of typed letters). 
this ls not obvious because the card Is a rec- 
tangle rather than a line. However, the length 
of the card is actually divided into elghty pos! 
tons, each of which may hold one number, 
alphabetic character or punctuation mark. 

These positions are ectually narrow columns, 
elghty of them, with different positions In which 
holes may be punched. One hole In a column 
represents a numeral; which position in the 
column epecifies what number. Two holes In 

® column generally mean a letter of the alphabet, 
three holes in a column mean a punctuation 


mark. 
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Data Je punched Into cards according to 
some plan associated with the program. 


Beyond those simple matters there is no 
preordained arrangement for Information on @ 
punch card; It all depends on whal the program 
calls for. But each separale piece or section 
of information-- each bunch of consecutive 
charactera that together have a specific meaning 
-- are called a field. 


A field can be @ name, a number, an 
amount of money, an alphabetical code repre- 
genting something, a numerical code represent- 
Ing something. or other stuff. When the carde 
go into the program, the program can pick off 
the Information it needs one fleld at a time-- 
putting the field In columns 1 to 17 Into one 
program variable, the field from columns nine 
to ten into another program variable, and so 
on. 


The punch card is an Important example 
of an input unit Influencing the structure of 
computer programs, It la convenient to use 
flelda on a punch card as the basic data struc- 
ture of a program and say, "That's the way It 
haa to be for the compuler. In the worat cases 
we see the workings of the "punch card men- 
tallty" or "80-column mind” (see box). 


—> People will often thrust a punched data 
card at you and ask, "What does this mean?” 
Who knows? It may have lettering banged along 
the top, showing what characters the holes rep- 
resent, but If these characters don't shqw any- 
thing understandable, such as the person's name, 
you're In the dark. The cerd may have pre- 
printed section Iinee dividing it up, bul these 
are rarely self-explanatory. It's often im- 
possible just to look at a punched card and 
tell by eye what the Individual fields are for, 
or even where they begin and end; all that 
depends on the program. Only someone who 
understands the program, or at least knows 
what flelde the card is divided Into and what 
the characters represent there, can help. 





Sometimes, In diemal systema we encoun- 
ter day-to-day-- like for university registration 
-- a punch card will have a person's name in 
the first few columns, or worse, a personal 
serial number. Other Information continues 
from there. These may or may not be recog- 
nizable, either from reading the holes by eye, 
or from designations pre-printed on the card. 


"ASCLI nef 
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whit your Computer 


will do fr you. 
— IBM 





ASCII code. You can figure out from 
the table the bit pattern for any letter, or 
what any given combination of seven bits 
means. 


Example. Find the capital letler G 
In the lable. For the first three bite of the 
code, look at the top of the column: 100. 
For the next four, look sideways to the 
left: 0111. So G le: 1000111. 


USA STANDARD CODE FOR INFORMATION INTERCHANGE 


es 


OLE Dats 


(An eighth bit Ie used as a check on 
the number of ones In the code; this is 
ealled the parity bit, and elther rounds to 
an ‘even number of bite (even parity) or an 
odd number of bits (odd parity). Thus If 
a code comes through to the computer with 
a wrong number of ones, the computer 
ean take remedial action.) 


Those funny multiletter codes are for 
controlling terminals and lke that. 


Pocket card courtesy of Computer 
Transceiver Systems, Inc. 


MAGNETIC STORAGE 


The same principle of felde applies in 
other data media, especially magnetic tape and 
diek. We may extend the notion of a fleld to 
explain records and files. 


.A field, generally speaking, Is a section 
of positions on some medium reserved for one 
particular plece of information, or the data in It. 


A record is a bunch of felde stored on 
some medium which have some organized use. 
(For instance, the accounting information held 
by an electric utlity company about « particular 
customer Ie likely to be stored as a record with 
at least these fields: account number; last name; 
initials; addrese; amount currently owed.) 


A file is a whole big complete bunch of 
information thal is stored someplace. In many 
applications a file Is composed of numerous 
almilar, consecutive records. For Instance, 
an electric company may well store the records 
for all of ita customers on a magnetle tape, 
ordered by account number (account 000001 
first). 





StorIng sequences of elmUar records in 
long Mies is typical of businese programs, 
though perhaps this should begin to change. 

It's especially sulted to batch processing, 
that is, handling many records In the same 
way at the same time. (See "System Programe.”) 


Now, the divisions of field, record and 
file are conceptual: they are what the program- 
mer thinks about, based on the Information 
needs of a specific computer program. 


mee 





BLOCKS 


A block Ie something el: 
related only to quirks of the 





which may be 
ation. 





A block is a section of stored material, 
divided either according to the divisiona of the 
data or peculiarities of the device holding it, 
such as a disk drive. Short records may be 
stored many to a block. If recorde are long 
they may be made up of many blocks. 





in particular, tape blocks can be almost 
any elze, while disk blocks oflen have a certaln 
xed olze (number of charactera or bite) based 
on the peculiarities of the Individual device. 
(This can be a pain in the neck.) 










On the other hand, due to, the quirke of 
magnetic recording, your program usually can't 
Just change something In the middle of a block: 
the whole disk block or tape file has to be re- 
placed. This Is less trouble with @ short disk 
block than a long tape fle. 


Th com, er ary 
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write. od (la, 
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TRADITIONAL CONVEYER-BELT PROGRAMS 


Meny traditional business programs are of 
thie type, reading In one dala record at a time, 
doing something to it (such as noting that an 
individual hae paid the exact amount of his gas) 
and writing out a new record for that customer 
on the current month's tape. 


THE PROBLEM 


Standardized fielde, blocks and records 
are often necessary or convenient. But, on the 
other hand, the kinds of computer programs 
people find oppressive often have thelr roots in 
this kind of data alorage and its associated styles 
of programming, especially the use of flxed-field 
records as the be-all and end-all. The more 
interesting uges of the computer (interactive, 
obliging. artistic, etc.) use a greater variety 


of di structures. 


People's nalve Idea of "programming" ls often a reasonable 
approximation to the notion of "data structure." Data structure 
is how information ls set up. After it’s set up, programs 

can twiddle it; but the twiddling options are based on how 

the information Ie eet up to begin with. 








THE AGIC. OF DATA 


How does a computer program 
print something out on a printing 
machine? It sende the code for each 
letter out to the printing machine. 


How does a computer program 
respond to something a user types in? 
It compares the codes that come in 
from the letters he types with a 
series of codes in memory, and when 
It Onde 4 match between letters, 
numbers, words or phrases, bran- 
chea to the corresponding action. 


How does a computer program 
measure something? {t takes in 
numerical codes from a device which 
hea already made the messuremenis 
and converted them to codes. 


a 
DOES NOT COMPUTE! 


Some TV writer's 
idea of a computer 
announces thle when 
deta are inoufficient or 
contradictory. Ho hum. 


—- 


Coyed- DOWN DATA: 
AN IDEA WHOSE ME 
HAS PASSED 


Codea are palierns or symbole which 
are assigned meanings. Sometimes we 
make up special codes to cul down the e- 
mount of information that has to be stored. 
On your driver's Ucense, for instance, 
they may reduce your halr color (o one 
decimal digit (four bits of information), 
eince there are lese than nine poselbilities 
for quick identificetion of hair-color anyway. 


Obviously, codes can be any darn 
thing: any set of symbols that te lese than 
what you staried with. But by compressing 
Information they lose information. 60 that 
subtleties disappear (consider the use of 
lettere A lo F to grade students). When 
you divide a continuum into categories, not 
Juet the fewness of the categories, but the 
places you draw the line-- called "breaks" 
or “cutling-points"-- present problems. Such 
chopping frequently blure out Important dis- 
Unetions. Coding Is alwaya arbitrary, fre- 
quently destructive and stupid. 


Lota of ways now exiat to handle writ- 
ten Information by computer. These often 
present better ways to operale than by using 
codes of this type. But many computer pro- 
gTammers prefer to make you use codes. 


(NOTE: there are Iwo other senses of 
"code" used hereabouts: 1) the binary pat- 
terns made to sland for any information, 
especially on input and output; 2) what 
computer programs conelet of, that is, lines 
of commands.) 


SOME POINTS 


"Logical deduction" really consists of tech- 
niques for finding out what's already 
in a data structure. 


"Logical Inconsistency” meane a data 
structure contradicls itself, Rarely 
does Jt happen that » computer helpa 
you discover eomething new about a 
subject that you didn't suspect or see 
coming without the computer; after 
all, you have to sel up a study in 
such a way as to make room to find 
Ihinge out, and you can only make 
Toom to find soma things out. 


THE PUNCH CARD MENTALITY 


Punch cards are not intrinsically evil. 
They have served many useful purposes, 
But the punch-card mentality ie still around. 
This will be seen in the programmer who 
habitually eeta things up so we have to use 
punch cards (when other media, or Inter- 
active terminale, would be better); who in- 
sists on the user or victim putting down 
numbers (when with a little more effort the 
program could handle text, which ie easler 
for the human, or even look up the Infor- 
mation In data It hae already); who Inelets 
that people's last names be cut down to 
eleven letters because he doean' feel like 
leaving 4 longer field or handling exceptions 
In hia program; who Inslats on the outsider 
cutting his information Into enarfy little codes, 
when such digestion, If needed at all, could 
be betier done by the program; and so on. 


‘The punch card mentallty is responsible 
for many of the woes that have been blamed 
on "computers." 





LF YOO WANT NUMEEKS, 
WE GOT ‘eM 


The basic kinds of number operationa 
wired into all computers are few: Just add 
(and sometimes subtract) binary numbers, 
However, up above the minicomputer range, 
& computer may have multiply, divide. and 
more. Pancler computers offer more types 
and operations on them. 


PLAIN BINARY-- Very important for coun- 
ung. Representa numbers aa 
patterne of I's and 0's (or X's 
and Obs, Mf you prefer). How 
to handle negative numbers? 
Two way 
TRUE NEGATIVE-- blnary number 
with a olgn bit at the bagin- 
ning, followed by the number. 
+ 


aot th 


Trouble Ie, the arithmetic is 

harder to wire for this kind, 

because there are two zeroes 

(plus and minus) between 1 

and -1. 

ADDABLE NEGATIVE-- this system 
doea a sort of Olp and begins 
a negative number with all 
ones. It means that the ma- 
chine dogan't have to have sub- 
traction circuitry: you Juet add 
the Qipped negative version of 
a number, and that actually 
oubtracte 1. This has now 
caught on generally. (it's 
usually called "twos complement 
negative," which has some ob- 
secure mathematical meaning.) 

BCD (Binary-Coded Decimal)-- the accoun- 
tant’s numbering system. Used by 
COBOL (see p. S|). It's plain old 
decimal. with every numeral stored 
in four bite; the machine of language 
hes to add them one numeral at a 
time, instead of crunching together 
full binary words. 

FLOATING POINT-- the scientist's number 
technique for anything that may not 
come out even. Expresses any 
quantity as an amount and e size. 


| ea CP | 





ew ee 
Site amoual 

(oh stipe ames 
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The “amount” part containg the ac- 
tual binary numerals, the "alze" le 
the number of places In front of or 
after the decimal polnt that the num- 
ber etarts. Very important for as- 
tronomical and infinitesimal matiere, 
aince a Noating-point number can be 
bigger, say. than 


9,876,543,210,000 
or emailer than 
-00000001234567 


For some people even this Isn't pre- 
clge enough, 60 they program up 
"infinite preciaion arithmetic,” which 
carries out arithmetic to as many 
places 8 they want. It lakes much 
longer, though. 


WHAT'S AVALLABLE IN 
MACHINES AND LANGUAGES 


Some machines, Uke the 360, are 
more-or-less wired up to handle several 
number types: binary, floating point, BCD. 
Little machines usually only have plein bin- 
ary, 80 other types have to be handled by 
programe bullt up from thal fundamental 


binary. 








Languages make up for thle by 
providing programe to handle numbers in 
some or all of these formats. There are 
languages that offer even more kinds of 
numbers-~ 


IMAGINARY numbere 
(two-part numbers 
following certain rules) 
QUATERNIONS 
(ke Imaginary numbers 
but worse) 
and goodness knows what else. 


On the other hand, some languages 
restrict whet number facilities are avall- 
able for elmplicity's sake. BASIC, for 
Inatance, doesn't dladnguish between 
Integers (counting numbers) and those 
with decimal points; all numbers may have 
decimal points. TRAC Language only 
gives you integers to atart, since It's easy 
enough to program other kinds of number 
behavior In (lke infinite precision). 


For historical reasons computers have 
been used mostly with numbers up to now; 
but that is going to be thoroughly turned 
around, Within a few years there may be 
more text-- written prose and poeiry-- 
stored on computera than numbers, 


During the recent masalve laweult by 
Contro) Date agalnet [BM, ll was revealed 
that IBM hed an awesome number of letters 
and communications stored on magnetic 
memory . 


When I Lived In New York, [ had a 
driver's llcense with the slaggering serial 
number 


NO 5443 12803 3-4121-37 


Now it may very well be, a8 In some 
serial numbers, that Information Is hidden 
in the number that Insldera can dope out, 
Uke my criminal record or automobile acci- 
dents, If any. (N ie my Initlal, and two 
of the digits ehow my date of birth, a handy 
check agalnst alieration by thirsty minors, 
But the reat of It je ridiculous.) The fact 
that that leaves 15 more decimal digits meana 
(if no other codes are hidden) that New York 
State hes provision In their license numbering 
Cor up lo 990,999,969,999,099 Inhabitants. 
lt is doubtful that there will ever be that 
many New Yorkers, or Indeed thal many 
human belngs while the epecies endures. 


tn other words, either New York 
State is planning on having many, meny 
more occupants, or an awfully inefficient 
code has been adopled, meaning a lot of 
memory space Is wasted holding those 
silly blg numbere for milliona of drivers. 
However, that doesn't represent a lot of 
money. 10 mililon decimal spaces these 
daye fils on a couple of disk drives. But 
It's an awful pain In the neck when you 
want to cash a check. 


INCUT Aald OUTPUT Cope 


Data has to get Inalde the machine 
somehow, and results have to get back out. 
Two main types of codes-- that is, etan- 
dardized patterns-- exist, although whal 
forms of data programs work on Inside 
varies considerably. (The Input data can 
be completely traneformed before internal 
work slarts.) 


1. ASCII (pronounced "Askey ,” 
American Standard Code for Information 
Euchange. This allowe all the kinds of 
numbers end alphabets you could possibly 
want (for instance, Swahlll) for getting 
information in and out of computers. 


ASCII ie used to and from most 
Teletype terminals and keyscopes. 


However, ASCII Is aleo used for 
Internal storage of alphabetical data In 
many non-IBM syeteme, andit la alco the 
running form of a number of programming 
languages, euch es TRAC language (see 
p.\3), TECO (gapo—), and GRASS 


(ses ph). 


1BM's dellberate undermining of the 
ASCII code is a eource of widespread anger. 
(See IBM, p. 52.) 


2. EBCDIC (pronounced "Ebeadick,") 
Extended Blnery Coded Decimal. This was 
the code IBM brought out with the 360, 
passing ASCII by. (IBM seems to think of 
compatibiilly as a privilege that must be 
earned, |.e., pald for.) EBCDIC also al- 
lows numbers, the Engllah alphabet, and 
verious punctuation marks. This is used 
to and from most IBM terminals ("2741 
type"). 


fr Aros 
HOLLERITH, meaning ihe column 
Patlerns thet go in on punched cards. 
(They can also come out that way, if you 
want them to.) 


CARD-IMAGE BINARY. If for some 
reason you wanl exact binary patterns 
from your program, they can be punched 
out as rows or columns on punch cards. 


STERLING. Just to ahow you how 
comleal things can get, the original PL/I 
Specifications (aee p.3{) allowed numbers 
to be Input and output in terme of Pounds, 
Shllinga end Pence (12 pence to the shll- 
llng, 20 shillings to the pound). No pro- 
vision was made for Guineas (the 21-ahll- 
Ung unit), or farthings, unfortunately. 


AGI. ANGUAGES 


Acamputer language is a system for casting spells. 
This Ia not a metaphor but en exactly true statement. Each 


language hes a vocabulary of commands, that is, different 
ou can give that are fundamental te the language, 
rules about how to give the commands 





orders y' 


and a syntax, thal i 
right, and how you may 





fil them together and entwine them. 


Learning 10 work with one language doesn't mean 
you've learned another. You learn them one at a ime, 
but aller some experience it gels casier. 


There are computer languages for testing rocketships 
and controlling oil refineries and making pictures. There 
are computer langysges for sociological statistics and designing 
automobiles. And there are computer languages which 
will do any of these things, and more, but with more difficulty 
because they have no purpose builtin. (Bul each of these 
eral-purpose languages tends to have its own outlook.) 





Most programmers have a favorite language or (we, 
and this is not a rational malier. There are many differe=t 
computer languages-- in fact thousan but what they 
all have in common is acting on series of instructions. 
Beyond that, every language is different. So for each language. 


the questions are 








WHAT ARE THE INSTRUCTIONS? 
and 
HOW DO THEY FIT TOGETHER? 


Mest computer languages invalve somehow lyping 
in the commands of your spell to a computer set up for that 
language. (The computer is set up by putting in a bigger 
program, called the processor for that language.) 


qeaMangeage Meche 
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a iP or senery) 
Then, after various steps, yau gel to Iry your program. 


Once you know a language you can cast spells in 
if; but that doesn't mean it's easy. A epell cas? in a computer 
language will make the computer do what yeu want-- 


IF iv’ possible to do It 
with that compuler; 

IF it's possible to do it 
in that language: 

IF you used the vocabulary 
and rules of the language 
correctly; 

and IF you laid out in the epell 
a plan that would effectively 
do what yeu had in mind. 


BUT if you make « mistake in casting your spell, that is 
a BUG. (As you see from the ifs avove, many types of 
bug are possible.) Program bugs can cause unfortunate 
results. (Supposedly a big NASA rocket failed in takeoff 
once because of a misplaced dollar sign in a program.) 
Getting the bugs out of a program is called debugging. 
Ie very hard. 


DESIGNING COMPUTER LANGUAGES 


Every programmer who's designed a language, and 
created a processor for it, had certain typical uses in mind. 
If you want lo create your own language, you figure out 
what sorts of operations you would like to have be basic 
Init, and how you would like it all (o fil together so as 
allow the variations you have in mind. Then you program 
your processor (which is usually very hard). 










A program Is like a nose: 
sometimes it blows. 








Attributed lo Howard Rose. 
@atamation, 1 Sep 71, 33.) 


According to the grapevine... 


‘ preatigious Southern university 
hed « program 
where the number of months 
waa careleasly eet to 10 
(as a dimengion in an array). 
In November, 
nobody got thelr checks 
(il this error was found. 


{ow do 
COMPUTER ANGULAR 
WORK? 


Basically there are lwo different methods. 


Bran INTERPRETER® 


carries out each instruction 
as it's encountered. 


A compiling language, such as FORTRAN or COBOL, 
has a compiler program, which glts in the computer, and 
receives (he input program, or "source program." the way 
the assembler does. [1 analyzes the source program and 
substitutes for it an object program, in machine language, 
which is @ translation of the source program. and can actually 
be run on the computer. The relation of the higher language 
is not one-to-one to machine language: many Instructions 
in machine language are often needed to comple a single 
instruction of the source program. (A source program of 
100 lines can easily come oul a thousand Ilnes long In ite 
outpul version.) Moreover, because of the interdependency 
of the instructions in the source program, the compller 
usually has to check various arrangements all over the 
program before it can generate the [Inal code. 





Most compliers come In several atages. You have 
to put the first stage of the compiler Into the computer, 
then run In the source program, and the first stage puls 
out a first intermediate version of the program. Then you 
put this version Into a second stage, which puls out a second 
intermediate version; and so on through various stages. 
This is done fairly automatically on big computers, but 
on little machines it's a paln. 


(In fact, compilers lend lo be very slow programs; 
but that depends on the amount of "optimizing" they do, 
that is, how efficlent they try to make the object program .) 


Ww A COMPILER 


chews the instructions An interpretive language works differently. There 
of the language sits in core a processor for the language called on interpreter; 


this goes through the program one step al a time, actually 
carrying out each operation In the list and going on to the 
next. TRAC and APL ere interpretive; it's a good way 

to de quickle languages. 


into another form 
to be processed later. 


Interpreters are perhaps the easler method of the 
two lo grasp, since they seem to correspond a lilile betler 
to the way many people think of computers. That doesn't 
mean they're betler. For programe that have to be run 
over and over, compiling is usually more economical in 
the long run; but for programe that have to be repeatedly 
changed, interpreters are often simpler to work wilh. 





A BLACK ART 


Making language processors, especially compilers, 
is widely regarded as a black art. Some people have tricks 
that are virtual (rademarke (see below). 


Actually, the design of a language-- especially the 
syntax, how its commands fit together-- strongly influences 
the design of its processor. BASIC and APL, for instance, 
work left-lo-right on esch Ine, and top-to-bottom on a 
program. Both acl on something stored in a work area. 
TRAC, on the other hand, works left-to-right on a text 
string that changes size like a rubber band. Other languages 
exhibit comparable differences. 


MIXED CASES AND VARIATIONS (for the whimsical) 


There are a lol of mixed cases. A load-and-go compiler 
(such as WATFOR) is put into the computer with the program, 
compiles Il, and then starts it golng immedielely. An interpretive 
compiler looke up what to do with a given instruction by in- 
terpreting lt into a serles of steps, bul compiling them instead 
of carrying them out. (A firm called Digitek is well known 
for making very good compliers of this type.) An incremental 
compiler just runs along compiling a command at a time; 
this can be a lot faster bul has drawbacks. 


dy Injerpreler corvies ouf, 
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Debugging means changing and fixing your program tiil it vorke the vay you 
want it to. 





Thie ie the part of programring people Like the least. 






You run your program and then try to find out what vent urong. It could be 
a mistake in the basic thinking (“logic error"), or a clerical error in che 
particular choice of commands to carry out a well-thought-out process 
("coding error"). 









Some systems allow you to debug interactively, from a terminal. This helps 
alot. You can run parts of your program, get it to atop at certain points 
to Let you Look around, and so on. 


For every bug that goes out. 
No program is ever fully debugged. two more bugs go In. 


> folk saying + folk saying 


The GRE 
COMP LANGUAGES 


A certain number of computer languages 
are very widely accepted and used; I list them 
here. If you want to learn any of them, ! belleve 
that Danlel McCracken has written a manual on 
avery one of them. (Not the variante listed, 
though.) 


Why their names are always spelled with 
capital letters I don't know. (Generally they 
get let down in longer articles, though.) 


FORTRAN was created in the late fifties, 
largely by John Backus, ae an algebrale pro- 
gramming system for the old IBM 704. (However, 


the usual story je that It stands for FORmula 
TRANalator . ) 


Fortran is “algebraic,” that le, it uses 
an algebraic sort of notation and was mostly 
sulted, In the beginning, to writing programs 
thai carried out the sorte of formules that you 
use in highschool algebra. It's strong on num- 
bers carrled to a lot of decimal places (“scientific™ 
numbers) and the handling of arrays, which is 
something else mathematicians snd engineers do: 
a lot (see Arrays under BAGIC). 


Fortran has grown and grown, however; 
after Foriran | came Fortran Il, Fortran Il and 
Fortran IV; aa well as a lot of variants like 
Fortran Pi ("Irrational, and somewhere between 
Mt and IV"), WATFOR and WATFIV. 


The larger Fortrans-- that is, language 
processors that run on the bigger computers-- 
now have many operations nol contemplated in 
the original Fortran, Including operations for 
handling text and eo on. 


BASIC, presented earller, is In some res- 
pects a simplified version of Fortran. 


AIGOL LesT, 
AWD PL/T 


ALGOL is considered by many lo be 
one of the best “sclentific" languages; 11 has 
been widely accepted in Europe, and is the 


standard "publication language” In which procedures 


for dolng things ere published In this country. 
It le different from FORTRAN in many ways, 
but a key respeci Is this: while in FORTRAN 
the programmer must lay out at the beginning 
of hle program exactly what spaces of core 
memory are to have what names, In ALGOL 

the spaces in core memory are not given names 
except within subsections of the program, 

or "procedures." When the program follower 
gets to a specific procedure, then the language 
processor names the spaces in core memory. 


This has several advantages. One ia 
that It can be used for so-called "recursive" 
programs, or programs that call new versions 
of themgelves into operation. I guess we better 
not get Into that. But mathematicians like 
It. 


Originally thia language wes called LAL, 
for International Algebraic Language, but then 
ap lt grew and got polished by various inter- 
national committees it was given ite new name. 
don't know if anyone consciously named 
It after Algol, the elar.) 


lt hae gone through several versions. 
Algol 62, the publication language, ls one 
thing; Algol 70, the 1070 version, is much 
more complicated and strange. 


Several versione of ALGOL have gotten 
Popular In thie country. One, developed at 
the Univerelty of Michigan, Is called MAD 
QUlchigan Algorithm Decoder); its symbol Is 
of course Alfred E. Newman. Another favorite 
(for its name, anyway) Is JOVIAL (Jules' Own 
Veralon of the International Algebraic Language), 
developed under Jules Schwartz (and supposedly 
named without his consultation) at System Devel- 
opment Corporation. 


When IBM announced ite System 360 hack 
In 1964, thera had been hope that they would 
support the international language commitices 
and make Algo) the basic language of thelr new 
computer line. No such luck. Instead they 
announced PL/I (Programming Language I}, a 
computer language that was going to be all 
things to al] men. 


In programming style it resembled COBOL. 
but had factlities for varieties of “scientific” 
Rhumbers and some good dala structure systeme. 
It ls avallable for the 360 and for certain big 
Honeywell computers; indeed, the operating sys- 
tem for MULTICS (see p. 15) was writien in 
PL/I. Whether there are pegple who love the 
language I don't know; there are certainly 
People who hate lt. 
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Tie program was a suprise from 
Alan Welles, a student at Chicago 
Cirele. Re was ameed by my prac- 
tice of alphabetising phone num- 
bere, and wrote a program to do it 
automattaally. 





Promises of the program: you eup- 
ply tt with your phone number, and 
it prints out all the alphabetical 
combinations that could aleo be 
dialled to reach your telephane. 


Caaguye: Farhan. 
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0 OF comPiating 


Behold some of the combinations. The recipient picks out the one he likes from 2h pages of them. 


Eiviney Flyanne 
Ftviuas Flv imac 


seoveaa) 
Franc) 
aster 


Belov: Nelles' program to ecaloulate the date of Easter. 
The language is Algol. 
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O5OL, 


Research end hobby types hate COBOL or 
Ignore It, but It's the main business programming 
language. Your Income tax, your checklng ac- 
count, your aulomobile license-- all are presum- 
ably handled by programs in the COBOL language. 


COBOL, or COmmon Business Orlented Lan- 
guage, was more or less demanded by the Depart- 
ment of Defense, and brought Into being by a 
committee called CODASYL, which is apparently 
etill going. COBOL uses mostly decimal numbere, 
is designed basically for baich proceasing (dee- 
eribed eleewhere), and uses verbose and plonking 
command formats. 


Juel because It's standard for business 
programming doesn't mean it's the best or most 
efficient language for business programming; 

I've talked to people who advocate business pro- 
gramming in FORTRAN, BASIC. TRAC and even 

APL. But then you get Into those endless argu- 
ments... and it lurns out that a large proportion 
of business programmers only know Cobol, which 
pragmatically settles the argument. 





There are people who say they've discovered 
hidden beauties in COBOL; for instance, thal It's 
a splendid language for complex pointer manipulation 
(eee Data Structures, p.2%). That's what makes 


horse racing. 
Bone calf f Despicabh, 


JC, Some coll J "Wome? 


“after you study it for eiz months, it makes 
perfect sens =-An IBM enthusiast. 

JCL is a language vith which you submit programs 
to an IBM 360 or 370 computer. "Submit" le right. Ite 
complications, which many call unnecessary, sysbolize 
the career of submission to IBM upon which the 360 
programmer embarks. (See IBM, pp. 52-3, and 360, p. 41.) 


NORPL. 


SNOBOL is the favorite computing language 
of a lot of my friende. It js a Ilel-processing 
language. meaning it's good for amorphous data. 
Qt derives from several previous Ist-processing 
languages, especially IPL-V and COMIT.) 








SNOBOL |e a big language. and only rune 
on big computers. The main concept of It Is 

the "pattern match,” whereby a string of symbols 
is examined to see if lt has certain characteristics, 
including any particular contents, relallons between 
contents, or other variations the programmer can 
specify; and the string substitution, where some 
specified string of symbols la replaced by another 
that the programmer contrives. 


ISP 


is probably the favorite language of the artificial- 
Intelligence freaks (see p.PAI,). A fondnesss for 
LISP, incidentally, le not considered to reflect 

on your masculinity, 


LISP is a "cult" language, and Ite adherente 
are sometimes called Lispians. They eee computer 
activities in a somewhat different light, as com- 
posed of ever-changing chaine of things called 
and "cudders,” which will not be explained 








LISP wae developed by John McCarthy at 
MIT, based largely on the Lambda-notation of 
Alonzo Church. It allows the chaining of oper- 
ations and data in deeply intermingled forme. 
While It runs on elegant principles, most people 
object to ite innumerable parentheses (a feature 
shared to some extent by TRAC Language). 





Joseph Weizenbaum, aleo of MIT, has 
created a language called SLIP, somewhat resem- 
bling LISP, which runs In FORTRAN. That means 
you can run LISP-lke programs without having 
access to a LISP processor, which is helpful. 


THEN , THERES ALURDs 
WACHINE LANGUAGE 


If you feel like making programs run fast, 
and not take up very much core memory, you go 
to machine language, the computer's very own 
wired-up deep-down system of commands (see 
p. 32,). It takes longer, usually, but many peo- 
ple consider it very satisfying. 


Then, of course, if you have a particular 
style and approach and set of Interests, you 
will probably start building up a collection of 
individual programe for your own purposes. 


Then you'l) work out simplified ways of 
calling these into operation and tying thelr 
reaulte and deta wgether. 


Which means you'll have a language of your 
own. 
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KOCK Bonvol, 


RENTATH 
me se e HIGHER LANGUAGES 


Bvery computer ls wired to accept @ spe- 
cific symtem of commands. When these commands 
are stored in the computer's memary. end es 
com; '? program follower geta lo them, they 
magi respond directly by electronic reflex. 
‘This Je called machine language. the very lan- 
guage of the machine achine Itself. 





In most available computers the mechine 
languages are binary. meaning compased ef only 
two alternative symbols. Binary because it's = 
ansible way of organizing the machine's struc- 
ture; It permits programs to be reduced to « 
ingle common form of information, and permits 

programs to be slored In binary memory. Eech 
Individual Instruction or command ordinarily 
occupies one memory slot, though some compu- 
tere have commands of varying length. 


Different aomputers have different machine 
languages, but the instructions of all computers 
are basically similar. Big computers have more 
commands, with more variations, and carry 
them gut faster; but those varietione are just 
extra ways of saving stepe, not qualitatively 
different features. 


‘These deep-dewn operations ARE ALL THE 
THINGS THE COMPUTER EVER DOES. However, 
In thelr combinasions these instructions can be 
woven Into chains and diadems of complex actions, 


ALL COMPUTER PROGRAMS ARE EVEN- 
TUALLY WRITTBN OR ENACTED LN THE MACHINE'S 
PARTICULAR BINARY LANGUAGE. 


Now, lt Is entirely poselbie to write your 
programs al this level. considering arid arran- 
ging rock-bottom commands. This le called 
machine-language programming (and assembly 
programming: see examples a little later on). 
Indeed, working at this level is very highly 
respected in some quarters. Others avold It. 
Thle ls a very serious matter of taste and what 


you're working on. 


Higher-level languages, seen on earlier 
pages, have more convenient forme for people. 
but must be iransisted, either ahead of time or 
on @ running basis, 10 the bottom-mosi codes 
that make things happen th the machine. All of 
them are built out of machine language. Wril- 
ing the language processors, programa that 
qect or tranalate these higher-level languages, 
ls considered » black art. (Bee p.30.) 


EE 


Bvery programmable device has « "machine 
language.” or rock bottom code system that ecti- 
vatea the thing directly; ite progrem follower 
responds electrically 10 these codes, and enacts 
thom ane instruction al a dme. 


‘True computers are programmable devices 
that can modify thelr own instructions, change 
thelr sequence of operations and do other versa- 
tle etull, 





FUNNAMENTAL. 
OPERATION S 
oF COMPUTERS 


A GREAT MYSTERY 
IS ARouT TO VNFOLd, 


YOUR BASIC COMMANDS, NOW 


(Computers exist which do little more than these, 
and yet they can In principle do anything 
tancler coraputern can do.) 


TO BE GHOWN: The following are the rock-bonom 
basle operations of computers, svallable as 
epecific instructions in all computers (with 
ome variation). 


The Qrst seven listed below will be 
used in the extended example In the next 
epread. 


LOAD a binary pattern from core memory to « 
main register, 


STORE « binary pattern in core memory from « 
main register. 


GEND OUT COUTPUT") « binary pattern to an 
external device. 


BRING IN CINPUT*) a binary pattern from an 
external device. 


ADD TWO binary patterns together. (This 
causes tham to be treated as numbers, 
whether they were to bagin with or not.) 


sUMP-- 


Go to ancther part of the program 
end forget you were here. 


‘TEST TWO binary pefterns against each other, 
nd branch or not In the program depen- 
@ing on the result. 





Whar th Gupifer Realy Ls 
ConplTer’h FEATURE 
the wt o t 


have @ great deal in common with a amall blinking 
box; Indeed, they may have the same architecture, 
or structure, and therefore be the same computer. 


The structure of computers, In thelr glorious 
almilarities and fascinating differences, je called 
computer architecture. 


(for the architecture of a beginner's com- 
puler, see p.33; for the architecture of some 
famouse computers. seepp.4°-}.) 


Computer architecture covers three maln 
things: registera (placee where something happens 
to Information); memories (places where nothing 
happens to information); their Interconnections; 
and machine language, all the bottom-level instruc- 
tions (for thie last see “Rock Botiom," p. 32). 


REGISTERS AND MEMORIES 


Computers are made, basically, of two 
things: registers and memories. A regisier is 
where something happens to Informetion: » memory 
1s where nothing heppens to Information. Let's 
go over (hat alowly, 


A register ls @ place where something 
happens to information: the Information can be 
Oipped around, tested, changed by arithmetic, 
or whatever. (We noted earlier that registers 
are what connect a computer to its accessories. 
They ere also principal parts of the computer 
Itself.) 


A memory in a place where nothing hap- 
pens (o Information. A program pute the infor- 
mation there, end there It stays ti] some pro- 
gram pulls Il out again or replaces it. 


A main or general register (often called 
the accumulator, for no good reason) is where 


the program brings things lo be worked on, 
tested, compared, added to and 80 on. There 
can be several of them In a computer. 





Other registers perform other functions in 
the computer: a given computer's design, or archi- 
lechture. Is largely the arrangement of registers 
and the operations that take place between them. 


The reason we don't Just have all registers-- 
‘and no memories at all-- le that registers tra 
tlonally cost more then memories. (However, some 
machines are being tried that have all working 
registers instead of memory. See STARAN. p.43.) 





Memories come in all sizes and speeds. 
So lots of computers have big slow memo 
such sa disk memories, along with thelr emall 
fast memories. 





A memory consists of numerous holding 
Places or storage locations, each holding one 
standard piece of information for the computer, 
@ word having a specific number of bits (eee p. 

-) We must stress: a "COMPUTER WORD" 
HAS NOTHING TO DO WITH ENGLISH WORDS OR 
ALPHABETICAL CHARACTERS. The term refers 
to @ specific machine's standard memory slot, 
having @ fixed number of bit positions. 








One Important reason for this standardica- 
Mon Ie that each holding place. or memory loca- 
tlon, can be given a number or address. If 
‘every alot In the memory has an address, Infor- 
mation can be stored In epecific places: 





NOT TO BE SHOWN: Here are the rest of the 
utterly fundamental commands of computers. 
(These are not used In the forthcoming 
example.) 


TEST ONE SPECIFIC binery pattern, and branch 
in the program depending on the result. 


SET AN ACCESSORY IN OPERATION/TURN IT OFF. 


REVERSE (or "COMPLEMENT") « binary pattern-- 
changing all the X's to O's and vice verna. 


SLIDE (or "SHIFT") a binary pattern sidelong 
through a register. 


FLIPPER (or “LOGICAL") operations between nwo 
blnary patterns, especially-- 





OR (or “INCLUSIVE OR” or "IOR")-- 
result is an X where either 
original patiern wae an X. 

AND (or "MASK")-- result le an X 
only where both original pat- 
terns hed an X. 


FANCY OPERATIONS 


The following operations are desirable but not 
stricuy necessary, and many computers, ee- 
Peclally minicomputers, don't have them all. 


SUBTRACT. (Can aleo be done Lf necessary 
with combination of adds and filps.) 


MULTIPLY. (Can also be done if necessary 
with combinetion of edds, shifis and tests.) 


DIVIDE. (Can alao be done if necessary with 
combination of subtracts. shifts and tests.) 


MORE FLIPPER ("LOGICAL") operations: 


XOR-(or "EXCLUSIVE OR")-- result 
Is an X only where me pattern 
had an X, but not both. 

NAND-- reversed AND. 

NOK-- reversed OR. 


Locaren 7 [reriaT seo ox] 


and gotten beck gut of specific places: 





A core memory has @ definite rhythm or 
gycle, Into which 1 divides the passing time. 
The memory cycle of a core memory Ie 90 Im- 
portant that its duration is often called the 
cycle time of the comer. A request lo the core 
memory mede at the beginning of the cycle 
je honored at the end of the cycle. Core cycles 
are very fast, being these days about one 
microsecond, or millionth of # second. 


A core memory can only perform one act 
(store or fetch) during one memory cycle. 


Core cycles during which nothing Is 
requested of the memory simply go by. 


One last point about core memories. The 
number which specifies an address to ihe mem- 
ory Is » binary patiern-- Just like all the other 
Information (see “Binary Patterns,” p. 3) ). 

(Or more exactly, whatever binery pattern le sup- 
plled to the memory as the address to olore or 
from which to fetch. thet patiern will be treated 
a8 the address to store or from which to fetch, 
that pattern will be treated as a binary number 
whether it wae supposed to be or not. 11 could 
be the alphabelic word GRINCH which gol there 
by mistake (see “Debugging.” p- JO ), but the 
memory will treat It as an address number and go 
to the address specified by that pattern. 


THEN WHAT ARE THE DIPFERENCES 
BETWEEN COMPUTERS? 


The word length 
(number of dit-spaces In a main 
register and memory slot) 

The number of main registers 
and what (hey can do; i.e., how 
‘hey are set up and what operations 
can take place in and among them; 
hee. 
the Instruction Set (see nearby); 

The amount of memory: 

The accessories or peripherals: 

The cycle time. 


S2adecos 


Here's the computer, then. in all Its glory: 

4 device with a symbolic program, stored in a 
memory. belng stepped through by a program 
follower. 


The commands of the program cause the 
Program follower to carry oul the individual 


steps requested by each command of the program. 


SUBROUTINE JUMP-- 
"Go to another part of the program 
but rememember this place because you'll 
be coming beck on your own.” 


RETURN FROM SUBROUTINE-- 
"Go back lo wherever it was in the 
Program thal you last came from.” 


PUSH (on Stack machines only, see p. )-- 
take a binary pattern and put It on top 
of the Stack. 


POP (on Steck machines only, see p. )--- 
take whetever binery pstiern Ls now on 
the top of the Stack. 


ADD ONE (or "INCREMENT")-- (Useful when 
you're counting the number of tlmes some- 
thing has been done.) 


SUBTRACT ONE (or "DECREMENT.” not “excre- 
ment")-- (Also useful when you're count- 
ing the number of times something has bee: 
done.) 


ASTRONOMICAL/INFINITESIMAL ARITHMETIC (or 
“FLOATING POINT" arithmetic)-- operates 
on @ certain number of Significant Digits 
and keepe seperate track of the decimal 
point-- sctually « Binery Point, since It's 
rerely if ever done decimally. 


“Very Important In the physical 
sciences. 


Almost any operations can be "bull In"."_ The 





‘eky is of course the limli, aince any elec- 
tronic operation can be added to @ compu- 
ter's Instruction-set If desired-- say, “turn 
on the electric blender” or "multiply quat- 
ernlons"-- but the former is more easily 
dons @s en output Insiruction, end the 
latier as part of a program. 


THE ROCK BOTTOM PROGRAM FOLLOWER 


How, you ask desperately, does thie inner 
most program follower work? The one that is 
Dullt into the computer? 


Aha. 


Basleaily It consists of two specific regis- 
ters, the Program Counter (usually abbreviated 
PC) and the Instruction Register (usually abbre- 
viated IR), and other electronic stuff, loosely 
termed "decoding logic 








(Since we are alresdy visualizing ihe 
program follower as a little hand, lel'e think of 
the index finger es the program counter and 
Imagine that the thumb ean fllp an instruetion 
Into a litde cup, the Instruction Register or fA. 
What the heck.) 


WHEN a program ls set into operation, the 
binary pattern specifying its fire! eddreas in 
memory te put Into the program counter. 


Then the Instruction at thal addrees is 
fetched 10 the program follower (thal Is, put in 
the Instruction register). decoded and carried 
out. 


THEN THE PROGRAM COUNTER AUTOMAT- 
ICALLY HAS ONE ADDED TO IT, 80 IT POINTS 
TO THE NEXT INSTRUCTION. 


The Instruction pulled from memory is 
hald in the command or Instruction register 
and there decoded by the sysiem's electronics. 


It Is of no concern to the programmer how. 
Vnia Is done electronically. (And indeed elec- 
tronics Is generally of litle concern to compuler 
people. unleas they are trying t design or op- 
tlnice computers or other devices themselves. 
Indeed. the electronic techniques are constantly 
changing.) 


All wa need to know {s that an electrical 
decodinj jem (called the logic cireults) carries 
out the specific instruction-- for Instance. by 
shutting off the path to the memory, (urning on 
the adding circuit, and opening pathe through 
the adding circuit and back to the main register. 





Now that the program counter holds (he 
number of the nest Instruction it In turn Ls 
accordingly fetched and executed. 


And so it continues. 


When an instruction calle for # jump or 
branch In the program, whsl happens? 


The jump command causes a new number 
to be stuffed Into the program counter, that’s 
whal, and so that's where the program goes next. 


ALTERNATING CYCLES 


Many Inetructions tell the program follower 
(o take a dala word (also # binary pattern) from 
memory and put it In a maln register or vice 
versa. 





Such an Instruction Is translated by the 
decoding logic Into a request (o the memory. 


Since _# core memory can only do one 
thing during one of Its cycles, the next inatruc- 
Won In the program cannot be fetched until the 
date has moved to or from the memory. 


Thus in many types of program the cycles 
alternate: 


Inetruction cycle (fetch the next) 
Data cycle 

(dala goes to or from memory), 
Instruction cycle, 
Data cycle, 

and 0 on. 


Somehow 
LOADING, STORING, 
MODIFYING 
AND TESTING 
BINARY PATTERNS 
DOESN'T SEEM 
TERRIBLY PRAUGHT 
WITH POSSIBILITIES; 
Dut the endless variations and ramifications 
make chess look like tlc-tac-toe. 


And part of the power, of course, le in 
the great speed, the teeny fraction of a second 
each alep takes; five hundred operations yet 
ly about s thousandth of « second. So 
jer how Intricate the enactment to which 
theoe tiny steps are bullt, it still happens 
awfully fast. 








A computer, then, internally Just consists 
of certain places to work on information (main 
registers), certaln places to keep it the rest of 
the time (memories), certain pathways and inter- 
connections between them. an Instruction-set 
having certain powers whose Instructions can be 
operated on out of memory, and « program fol- 
Jower that carries out the Instructions of that 
Inmruction-set, 








INSTRUCTION-SET. 


The eystem of command patterns 


designed and wired into a particular computer, 
eech with lis exact results. 


{The instructions in the set are the vocabulery 
of a machine language.) 





A WIND-UP 
CROSSUIORS PUZZLE 


We look at last of what really happens 
inalde » given computer. it must be a specific 
computer because there Is no single inner len- 
guage for al] computers. For eimplicity's sake 
(ike most introductory texte) we hereby pre- 
sent @ fictitious machine, 


THE 
* FIDO¥ 


(althhul Instrument, Domesticated and Odligin 





The FIDO is a iwelve-bit machine. The 
qain regisier (li has only one) Ls twelve bile 
Jong, and every memory slot ls twelve bils lang. 


Every Instruction Ls twelve bits long: 
every data word Ls twelve bits long, though of 
course much longer pieces of date can be put 


together by taking more than one twelve-bit 
word, 


Some rudimentary instructions of the FIDO 
are Listed In @ nearby box. The Instructions of 
the FIDO are of two types: plain ones thal Just 
use the main register (like CLBAR). end the 
divided ones, which select « memory slot or 
output device. On the FIDO these are divided 
Into an operation code (opcode) of five bits-- 
the bite that tell ihe program follower what the 
operation ts to be; and an address of seven 
bite. specifying which memory slot (or external 
device) ia 10 be operated on. 








These seven bits allow exactly 126 differ- 
ant patterns, (from 0000000 10 XXKKXKK, 
which means we can selact among exectly 
different memory slow. (See Binary Patterns, 
p. 33.) (Hv He.) 






The Fido comes with one row of lights 
and switches; the row of lights can show the 
contents of any apecific working regi 
memory slot, When the computer la 
us ls helpful for debugging programs (see p. 

0.) 





Ah, If only we could tell you all about the 
FIDO here! Its many more Instructions. The 
option bits In the commande thet allow fancy 
variations, or the option bits in the interfaces. 
spoken of earlier. which allow the program to 
give different commands to external devices. 


But let's get on with « program for the 
FIDO. Thrill to the pulseting rhythms of.. 


puen rs WAY 


LS 


BiNARY PATTERNS 


us TwATOn” 





ere what ihe computer operates on deep down. "Binary" 


just means that only two symbols ere used Gust as 


“decimal” craps thal (en symbole are used). Panerne 
of binary symbols happen to be electrically convenient, 


so that's how computers are bulll, but that would 
change if tome more convenlent set of eymbole came 
along. 


Binary patterns are very eystematic and easy 


to deal with, Consider the number of binary symbols 


you can have ln Just four spaces. #LET'S USE THE 


LETTERS X AND O, AND PUT THEM IN ALPHABETICAL 
ORDER, SO YOU'LL SEE THAT WE'RE TALKING ABOUT 


PATTERNS, RATHER THAN NUMBERS. 


° 
° 
° 
° 





CE-XJ 










obs =) 


RRR OOO OK xx > 
RROORKROOxXO 
RMOROKXOKXOMOXOKOK 


You can see that the patiern repeote in certain 
interesting ways. Each column repeats Ieeif as you 
read down; adding @ new position to the left double 
the number of possible patterns you can have in the 
row. 


‘Thene ere the Infamous "bite" you have heard 
of. Aa you can see, there Ls nothing hard or compll- 
eaied about them. The number of bits ine thing 
are the number af speces which can be either X or 
0. 


Now, the most basic fact about any computer 
Je Ite word length: that le, the number of spaces 
In a standard momory alot of that computer. 


{2-biT ceneche work 


“Tita rr 
ere saris werk 


A‘12-bit computer” (uxe the PDP-8) bas memory 
words that are all twelve bits long. A "16-bit 
computer” Gike ihe PDP-11) has memary words that 
are all 16 bits lang. 














BASIC INSTRUCTIONS OF THE FNS CONPUTER 


Pr a reveleten & B Secret Uedt,, See Jalon, 


@inary = @l nary 
pattern —paitern selecting 
selecting where to perform 
eperaiion) operation) 
7? OPCODE _, ADDRESB 
5 hh he ee 


XKXXXaooce00 
end 
don't matter 

OOXODce20000 
ese 


address goes here 


If you want Information on the machine 
language and essembly language of ony given 
machina, write the manufecturer for the pro- 
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OPERATION CALLED POR 


CLEAR AC 
This instruction caus 
Mled with cerces. 


ADD (from memory to AC) 
This adde the contents of the specl~ 
fied memory location to the contents of the 


the AC to be 








gramming manuel. There may also be « 
pocket card. 


INSTRUCTION LAYOUT 


An occult aspect of computer design ts the 
matter of how to pack into the so-many bits of 
en Instruction word al) the options the programmer 


AC, Regul remains in the AC. Whatever should have. 
was in the memory before Is aiill there. HUE RC TON, re . 
This instruction fe also used to bring « FECT BS DROS WTS 


new pattern to the AC. copying {1 from the 
specified memory location; but you heve to 
CLEAR the AC first, 0 you're adding I to 
tero. 


OXXOQooov2000 
Lae 


address goes here 





100. 


XKOOO2000000 
address goes here 

XX OOK 9000000 
address goes here 

XOX OO0000000 
Ves 


sddreas gues here 


address goes here 


STORE 
‘This instruction couples the contents 
of the AC lo the epecified memory location. 


Whatever was in the AC Is still there 


INPUT? 
This instruction copies the contents 
of = specified device register to the AC. 


ouTPpuT> 
‘Thia Inatruction coptes the contents 
‘of the AC to a apecified device register. 


JUMP 

This Instruction m: 
follower Lake Ite nent instruction al the 
specified eddreas and go on from there. 


TEST. SKIP IF EQUAL** 

This le @ common test instruction , 
permitting the program {o branch depen- 
ding on verlous condition. 
of the AC are compared with the specified 
core memory location. 
same. the program continues and lakes the 
next Instruction In the normal fashion. IF 
the two patterns are the same. the pro- 
gram follower SKIPS the next Instruction 
‘and goes on to the one after. 


Whalever the next instruction ts. 


In the memory location Ie 


ming 





the program 


The content 


If they ere not the 


PITTI TIT it irri titi tility) 








the programmer can choose amon, 
the address means a choice of 32,7 
cations, 
Gee “Binery Petterna.” p. 33.) 


Deciding what the instruction Jayou 
to be hinges on the erchitectural di 
computer (eee p.JZ ) and the instruction-set, 
It all gete worked out together. 


ON 


Legh of omplele mitrvction 


For no paruculer reason the Instruction 
ct bis ere usually on the left, the address 
bits on the rigl 
them In thie book, unfortunately) In the middle. 





+ and option dits (no room for 


The number of bits in the address deter- 
the number of places In the memory that 


15 bite in 
memory lo~ 
cholce of only 128, 






7 bits means 





Generally 6 specific computer has more than 
one instruction Jayout. 








ign of the 


Wa ultimately a matier of design elegance, 
but the consequences are very concrete. An 
elegant instructlon-sel {8 easy (o use and there- 
fore saves a lot of time and money. 
interested in studying the matter might want to 
compare the PDP-11, 
brilliantly designed Instruction-set. with some 
other 16-bit computer.) 


(Anyone 





16-bit computer with & 


GUESS WHAT! 


The FIDO Is nothing bul a stripped-down 


version of that beloved famlly pooch of computerdom, 


. 
then, determines the course of events « 
If the two patterns turn out to be the 
same. : 
. 
. 
For instance, that middle inatruc- . 
tion can be « JUMP inalruction, taking = 
the program to @ whole nother part of = 
core memory and # new series of events. . 
gett ett : 
+ FHEMIY to protect ne msttt® Been changeg : 
Actually it does not >. 7 
" Offers exist on . 
€8n't gO into here Wider choice the Ppp-g : 


Actually computera with amell ward lengthe 
lke these ara called minicomputers. Big computers 
have much bigger word lengths. The IBM 360 
has @ 32-bit word length. The Control Data 6600 
hes « 60-bit word. 


Now, It is an interesting fact (hat not only 
are camputer memorles divided up Inio slots, or 
locations, of cqual length, 





Bul each of (hese locations has an sddi that 
fa, a number by which the contente of the locaulon 
can be found. And these numbers are binary. 





Many forms of information are xept in binary 
patterns which are not numbers. For instance, 
lettera of the alphabet are ueually stored as 9- 


bit petterns. 
Lx[xfox[o[o] 


THE LETTER "Q” 
QN ASCII CODE) 


All computers can 
In principle do 
the same things. 
some faster. 
However. eome are 
too slow or too small 
ever to do whai others can, 
though the types of thelr 
operauons are elmiler. 


Some computers (and their 
languages and fectiities) 
are much mere convenient 
for programmers (han others. 
because thelr Insiruction-sete 
are better. 


‘This ts no emall maner. 


(But It's 2 big matter of 
laste and argument 
emang computer people.) 








The big-point Is, 
AT THE BOTTOM PROGRAMS ARE BINARY 
AND DATA IS BINARY, 

since It's all stored In binary memory. 


Bul since that sults few people‘s Individual 
purposes, we build up HIGHER LANGUAGES AND 
DATA STRUCTURES. So that different users 
deal with different mechanics corresponding 
better and more conveniently (o the structures 
Ihat Interest them. 


However, we will have to stop using these 

X's and O's. It's not really done, so we will 

switch to the more usual way of writing binary 
paiterns with L's and eeroes. (Apologies to readers 
who hate numbers; but remember that these patterns, 
while we may write them out es 1's and zerves, 


may represent wholly non-numerical kinds of 
Infornotion } That means the letter @ ts. 
[afafo}sfofoTo{s ) 


‘but It'e etl the letter Q. 












Of course, bits may also represent numerical 
Information. And so we pase on to 





BINARY NUMBERS. 


These sre the came old binary patiernt 
bul when we decide to treat them es number 
they are binary numbers. 





Let's count. Note that these are the same 
combinations of bits as before, merely pul In the 
more usual notation 





decimal number binary number 
° 000 
1 001 
2 010 
3 on 
4 100 
6 101 
6 110 
1 11 
08 1000 
0 1001 
10 1010 
il 1011 
12 1100 
13 1101 
4 1110 
15 ull 


Ap you obsarva, the higher numusrs need mare 
and more biis lo hold them. 


The PDP-9. 


@encribed p.Yo -) 


If you buy a PDP-8 from Digital Equipment 
Corporation. you get all this and more. (Except 
for the external devices.) And the PDP-8, of 
course. allows much blgger memories than 128 
slots. but that's too complicated for here.) Arf. 


eS 


This brings up come Interesting facts. 


CERTAIN NUMBERS ARE SPECIAL beceuse 


they are the number of things that can be specified 


by e certain number of bits. 


Special number 


2 one dil a 

4 two bite w 

8 threa bits cr 

18 four bits 

200 ve bis ETA 

“4 ax bie =.CETITt 3 
128 seven bite 
258 elght bits tle. 
612 nine bits 
1024 ten bits 


CONE K" Ie 102: 
else come In K' 





memorles and everything 
, or multiples of 1024.) 





Actually jerm "k,” standing for "kllo-," ehould 
mean one thousand, and the term BK, or Binary K, 








is used by fussy people to stand for the very Important 


nearby number 1024, Bul computer people gencrally 
use expressions ending In K for the following special 
number 





THAT'S HOW MANY 


NUMBER COMBINATIONS FIT IN 
2048 ("2K") eleven bits 
4006 CaK") twelve bits 
8192 ("8K") thirteen bite 
16,984 ("16K") fourteen bite 
32,768 ("32K") fifteen dite, 


Above this number they Incresse very fest, and 
we generally have to look them up, but the idea le 
thia: (he numbor of bite used 10 select something, 
LUmits the number of things you can select among. 
For instence , If you have a computer memory with 
32K different locations. you need fifteen bits exactly 
to specify @ location in memory . 





Here are some ramifications: 


* The word length of a computer determines 
how large a number it can hold, A computer with 
@ twelve-bit word can only hold a number up to 
4096 in one memory location (aince we use 000 000 
000 000, the first combination, to mand for zero); 
M wo want to use longer numbere we have (o set 
aside two or more word localions per number. (A 
16-bit computer can hold a number up lo 65,535 ln 
one memory location.) 


© In designing data structures, If you use 


binary codes (rather than, say, alphabetical character: 


you have to allow enough bite for all the alternative 
thal might turn up. 


+ Inthea 
for a computer, 
a 
that instruction can select from the whole memory, 
or just a part of It. 





ign of the wired-in instructions 
herefore, the number of bite sel 








je to specify an address In core delermines whether 
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WRECKS WUSTWAICY 


the 
here ia @ certain folk hero whom 
sects al call Bucky. {t le eald thal he wears 
three wrietwatches: one for where he ia now, 
one for where he will be next, and one that 


{ella what time it is at his home. 


¥ f a tittle 
Well now, Here's an example o! 
problem on whieh to try our PIDO computer. 


Let's wire up @ magic wristwatch for 
Bucky the Folk Hero, one that will use a teeny 
FIDO on a chip (the coming thing), attached to 
three rowe of numerical readouts (ike those 


on pocket calculators). 


‘This application Is not so abourd ae you 
might think. 


It Is obviously quite elmple In principle. 


i will Jet ua see eome of the waye that 
the rock-bottom machine languages of computers 
are used. 


OT THIS WonneRrue 
ABOOT THs sito 


Naturally this got saved for last, and 
what la preeented here shows il. 


The example waa meent to be a case of 
not-very-numerical programming that would 
ehow the abstractness of it all. The program 
Meelf has no intrinsic quallty related to the 
problem; Uthat much should be visible. 


Anyhow, | programmed this myself a few 
weeks ago in the FIDO language, and was very 
pleased with It, bul then discovered a couple 
of appalling bugs. As time closed In on this 
project { asked my friend Mike O'Brien to code 
the program, and he kindly consented, taking 
time out of hie previous weekend plans. Here 
Is Mike's program, for which I am grateful. 





HowEVer, afler | was set In type, Mike 
realized that It too has some groae flaws and 
would not work as here presented. We thought 
of having = chocolate chip cookie contest for 
corrections, sending cut chocolate chip cookies 
to entrants fixing || up, but we don't have 
euch a computer and we wouldn't run the pro- 
gram if we had one anyway, so see lf you can 
wel the basic: idea of it, and If you are a real 
wise guy fix the program for your own eatis- 
fection. and that will be that. 





The basic idea Is that we have a FIDO, 
Presumably on « single Integrated circuit chip, 
Atlached to thirteen external devices (or periph- 
erals, or Input-output devices, or 1/0 devices 
or whalever). These devices are a timer or 
clock. which reaches zero once per minute-- 
thls is a computer clock, meaning a timer, not 
something that people can read-- and the three 
rows of numerical readouls that are the desired 
Superwatch. 


For slmpllcity's sake we assume here that 
each numeral is interfaced to do elther inpul or 
output; thus the FIDO computer can ask any —_ 
given numeral whet it says, and change its con- 
venta. 


The finished Wristwatch Is going to give 
time on a twentyfour-hour baals, not twelve, lke 
al NASA and suchlike places. After 12:59 comes 
13:00. After 23:58 comes 01: 00. 


ops. 


The bulk of the program is occupled with 
(esting the numerals and changing them. How- 
ever, ln proportions of activity, the poor thing 
is golng to epend most of is time saying. "Ie 
It time yet? Is It time yet? Ie it dime yero" 
(That's the second, third and fourth instruction.) 


Because the FIDO selects the particular 
{nput-oulput device with the lest seven bits of 
an input or output instruction, this has been 
Gone with “addreas modification" arithmetic: 
cresting an output Instruction to addrese a par- 
euler device by adding the instruction to the 
name of the device. This is an ancient and — 
honorable programming trick. 


In several cases, the program chooses a 
device to examine, or fll, by taking a blank 
input or autput instruction (kept at locations 
x OKO XOX and X OXO xXxOoO, reapectively) and 
adds it. In the AC, to a counting number that 
ls being used to Step around In the array of 
Tumerala. (This counting number ia "N," 
stored in location X OXO 200K.) (These inatruc- 
Hone Were put into the alots In octal form, as 
‘GAOOB" and "6269B" respectively. The slashes 
re meant to distinguish zeroes from Ohs. The 
'B” at the end (in the assembly lisling) means 
that tha assembler ie supposed to translate these 
numbers to Binary, (aking them three bils at a 
time: © # 8 8 comes out to XX0 000 000 000.) 





EQUIPMENT SETUP FOR THIS PROGRAM. is exera| 


AyD 1 Te 
Device 2, 









BAUM MAIER we ACdumULATD 









Shey: 
mdwihoat 
water face, 
regutes 


ofeach) 


Note that in this flowchart 


Ae 


means, “stuff the number 3 
into the variable A.” A 
variable ia a named location 
in core memory. 


Lat 24h 
on aff 3S waleher 
ae fle same: 
cheek fhe 

Li aste4 

& tof Tel fo 
for all 3 


unjess 


vere ay 


2 nes hour, 





hence M: REE 
P FeseerD 


ore 4 on aya H 
teyeg dene once peice E : 


8 


Ow 
~w 


1% TT jo 3 


Anyhow, what the program is really doing, 
when it finda the timer has reached zero, |e. 
testing whether the rightmost digit Is a ning 
(lt only has t6 test one, aince minutes are the 
same round the world.) [f !'s not nine, it 
just adds one to esch-- a part of the program 
ca)led ADMIN, starting at XXO OXO, If it's 
nine, however, I¢ sela the Mnal digits all to 
zero, and then tests the tens digit to see If It's 
a five, meaning the end of an hour. (The num- 
ber flve has been ingenuously stored in a loca- 
tion which Mike hae called FIVE, which aasem- 
bled to slot number X OXO OXO. If you look 
there, you will eee that the slot does, indeed, 
conlain the binary pattern for the number 8.) 





Whet a pity there is no time to take you on 
a guided tour of this profound, magnificent pro- 
gram. {€ you dig this sort of thing, however. 
you might juel be able 10 dope il out. 


Anyway, you've had your taste. Hope you 
want more. 





Mike O'Brien's 
alightly disgruntled 
poatecript to the program. 


Neto hoor 
clades are 


er forse, 
om all 8 
watches 4 
te Some 


loop. 
Nety thet 

Nou Tea wualer 
Sagny hh 
Aevice veire 
\eoking at, 
“YeVIeE ny" 
ts Hs achal 


dener ME sextesh . 





{ete Tat 
fhe waviable 
ested y 
les 4, 
Core leestion 
KOK Oxxy 


*e0 neat pa “s) 


we 
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This ls what the program looks like when. 
you set it up for the Assembler, 
which Is the easler way. 

A program lald out lke this ls called an 

computer's core memory. (A printout Assembly Lieting. Studying it may 

Uke the, folowing Is called a machine- help you debug (see p. 30). 


language lating.) An ensy-lo-remember alphabetical code is 
Since all the addresses are filled in, thie waoaate Tepreecat ati final instruc- 


Program ie sald to be In absolute tlon dealred. Such an abbreviation 
binary. Uf they weren't filled in, it le called a mnemonle; usually they're 
would be called relocatable binary. more cryptic. The mnemonics are 
Machine-language Uetinge come in different turned by the assembler Into the 
flavors. A binary Ueting (or dump) binary opcode. 
ls generally in ones and zerves. An You don't have to know the actual addresses 
octal Usting groups the bits by threes in core memory, you just use alpha- 
and oubstitules the numbers zero betical names or lebele, and the As- 
Uhrough seven for the different com- sembler figures, out where they really 
Dinations of three bite. The other ge end puts in the binary addresses. 
main kind, the hexadecimal Laling Desired numbers, such es 8, are plugged 
or dump (an LBM thing), groupe the into the address parte of instructions. 
bite by foure and eubsututes the num- YOUR OWN COMMENTS (here set off with 
bers 0-9 and the letters At for slashes) can stay here too. 


the elxtean alfferent combi: In this PIDO example, the Assembler follows 
four bits, 


two common practices: it recognizes 
@ lebel because {1 ends in a comma, 
and recognizes a comment becauee it 
begina with a slash. 


‘s Writostel, Bucky's Wrtfuafeh 1, 
ia wm BINARY ASTMBLY LANGUAGE 


AY LABEL ° 
Aydees. CONTENTS mune OP Mines Progeamieie’s Comm : a 
ee ») Cael re ne Cysts. 7 ad 2 DERAM eS Co 1e4/ 5 THIS COPPER MAN IS NOT ALIVE AT ALL 
Ts prdsl,, pa Renate eR 


This 1s what the program looks Ike In the 





























oN 
CORE MEMORK 
900 START, CLEAR 
00x CHKCL, INPUT fp /CLOCK IS 1/0 SLOT #0000000. 
OKO TEST ZERO 1A NEW MINUTE? Ly 
OXX JUMP CHKCL —/NO, CHECK CLOCK AGAIN. 





- 
x00 INPUT 1 /YES, READ MINUTE SLOT OF 1ST WATCH. (t 
xOX TEST NINE AS IT A 9? 
x10 XOXOOOXKOOXO JUMP ADMIN /NO, GO TO MINUTE [INCREMENTER 
2000 200000000000 CLEAR 


/YES, SET EACH 











00x 000 XXOOXOOCOOOK OUTPUT 1 /TEN-MINUTE DIGIT ‘ 
OOX 00K XXO0X0000K00 OUTPUT 4 /TO ZERO. Ten minutes after starting to program ins, 
OOX OKO AXOOKOOOKOOX OUTPUT § Machine Languege you wlll probably want Ast 
OOK OXX XX00000000K0 INPUT 2 /CHECK TEN-MINUTE DIGIT. bly Lenguage. 
0x KOO 000xx0xK00xO TEST FIVE /NEW HOUR? 
INUT! 1 d 
OOX KOK XOXGOOKXOKAK JUMP ADZTEN —/NO, GO TO TEN-MINUTE INCREMENTER. Hid hay Hi acter eles sone! bi ) 
OOX XxxO ¥2U0K%0000000 CLEAR ‘YRS, SET EACH zerves right. (Exes 2x4 Ohs amy y 
00x 100r XX00X00000x0 OUTPUT 2 /TEN-MINUTE DIGIT ron ‘i 
0X0 000 XMOOKOOCOXxO OUTPUT 6 ‘TO ZERO. It's a pain ovine, to gaia of binary 
OKO OOXx XXO0X000K0KO OUTPUT 10 numbers for where things : 
ONO OxO OOXOOXOXOXXX ROUND, ADD N {GET CLOCK-NUMBER COUNTER iaiayte goat cd Ratsaliceh “wadwee 
OxXO OXX OOXOOXOXOKOX ADD INPUT /AND FORM INPUT INSTRUCTION Ss So: etd oe ete. "ina ihe cogvercibn 
OXO x00 OXXODOKCODOK STORE INt {PUT IT WHERE IT BELONGS. Thet’s ssaembly iripiage.. tnd the converals 
OXO XOX OOXOOXOOXXXO ADD ONE /FORM OTHER INPUT INSTRUCTION. De eee aeeeS that ceell 
Oxo XXxO OXXOOOXGOXKK STORE IN2 /PUT IT WHERE IT BELONGS. them back into the binary patter really 
run the mechine-- thal conversion program ia 
ox 000 $000xx0000000 amar? gone ailed the Assembler.) 
Oxx 000 20X1K0G00000 CLEAR e ; 
Oxx 00x OOXOOXOXOXXX ADD N /GET COUNTER AGAIN. A eet 
OXK OKO OOXOOXOXOXxxXO ADD OUTPUT /AND FORM OUTPUT INSTRUCTION. An packanan Beira, Acaaievate dene 
OXK OXX OXNCOOXOAXON STORE OUT /PUT IT HERE WHERE IT BELONGS. translator. intende: aaniy to Mencle! he Seta 
Oxk XOX OXXUOOKAEXOX STORE OUTIPZ | /HERE TOO, words and the exaclly corresponding machine- 
ely 
OxXX XOX OXXOOOAXKKOX STORE OUTIP2 /HERE TOO. words vend the. oxe é 
OxX KKO OOXOOXOOXKXO ADD ONE /FORM OTHER OUTPUT INSTRUCTION. language program that you intend. 
OXK XXX OXKOOOKOXOXK STORE OUT2 /PUT IT WHERE IT BELONGS. ; < 
X00 000 OXXxX00X000000 STORE OUT2P1 /HERE TOO. oe 4 nt ine ee: Tee sana ae 
KOO OOK 000000000000 INL, /BECOMES "INPUT N” a J 
X00 OXO OG0OXXOKOOKX TEST NINE AS HOUR DIGIT A 8? testing. the succesehie atpabsticl, charselars. 
XOO OXX XOXOOOXOOXOX JUMP PAST 7NO, TEST AGAIN er finding 
X00 X00 XOKOOOXXKXOO JUMP ADIOHR = —/YES, GO FLIP 10-HOUR DIGIT delimiters (shown as comma and —_ for 
KOO XOK 0000Kx0x0000 PAST. TEST THREE AS HOUR DIGIT A 3? FIDO assembler), it scans ler. ine alphabeticn 
HOO XXO XOXOOOXOXKXX JUMP INCHR 7NO, GO INCREMENT HOUR. c dnasraslion miereres ae stains. she 
7 = jable in 
XOO XXX 00000000000 1N2.8 {BECOMES "INPUT N+1- 8 eee 
000 : gnores everything on a line 
OOOOXXOOKAXX TEST TWO AIS TEN-HOUR COUNTER A TWO? nary e 
ee 00x XOXOGOXOXAXX JUMP INCHR NO, INCREMENT HOUR NORMALLY after @ slash which is lucky. since In the 
XOX QXO X00XX10000000 CLEAR /YBS, IT WAS 23:59, SO SET comments you mey cor seers which are the same 
" " ea instruction mnemonics. 
XOX OXX 900000000000 OUT2.5 /TIME TO 1:86. “OUTPUT N+1" IS HERE. 
XOX X00 OOXOOKOOXXKO ADD ONE SET AC TO 1. it biased: 
XOX XX0 Xox00X00000X ame (00 INCREMENT CLOCK-4 starting wherever you ay) figures, where 
XOX XXO XOXOOX! x JUMP INCN /GO INCREMENT CLOCK-NUMBER COUNTER and (start ng jerever you aay fee Stee 
in core memo: 
XOX 2X OQOXOOXOOXAKO INCHR, = ADD ONE /ADD 1 TO HOUR mie ; and enya. 
” " paces you put In) go. Then it makes 
000000000000 OUTIP1.9 /BECOMES "OUTPUT N". 
x0 oox XONOOX00000X JUMP INCN /GO INCREMENT CLOCK-NUMBER COUNTER of these addresses, called a symbol table (also 
x0 OXO OOX0OKOOXXKO ADMIN, ADD ONE /ADD 1 TO MINUTE DIGIT. called @ name list at lese elegant places). 
eo,’ Hoo yxooxo000: 7 cuTPuRs ies An eesembler Is the simplest form of 
ao ctor. eroonone Son currur ed Sear compiler (see p.3O). Basically it trenelates an 
XXO XOK XMOOXO00X00X OUTPUT 9 /THE Mi DIGITS. pier yt trenelalee: an 
X0X00000000% SUMP CHKCL /THEN GO BACK TO CLOCK-WATCHING. sosembly-lenguage program, 
x0 Ox 0X00000xxx0 AD?TEN. ADD ONE /ADD 1 TO TEN-MINUTE DIGIT directly, Into a binary program which can, 
oan eo oar. vee Tow tom he eae ee 
fe oa sulling binary addresses Into the binery com- 
WK OX ¥XAHOOKOOOKOXO OUTPUT 1p /THE TEN-MINUTE DIGITS. recut ng in of eros 
XXX OXK XOX00000000K JUMP CHKCL /THEN GO BACK TO CLOCK-WATCHING, 
XXXKXO000000 ADIHR, CLEAR (FIRST CLEAR . y Pe 
1X xox 000000000000 OUTIP2, $ /HOUR DIGIT (BECOMES "OUTPUT N") Aren't you glad you don’t have to’ 
Oa XXO 900000000000 IN2P1, 6 /THEN GET TEN-HOUR DIGIT Genauetiy ‘the Sosentlr\ than: snds:ou0 
ee ces sear ee ee a: tn inary gorran meme enna evo 
000000000000 ourzP1, : : 
1000 00x 20000000000 INCN, CLEAR /ROUTINE TO GET NEXT CLOCK NUMBER. an nia ee ee a ever day dictates 
000 Oxo COKOOKOXOXKX ADD N /ADDING FOUR TO CLOCK NUMBER eis’ ante into. 
000 Oxx OXKOOXOXO0OX ADD FOUR /TAKES US TO NEXT CLOCK. 7 : 
000 x00 - 0000XX0x0KOO TEST FTEEN TATE we Law _ OF ciccus QN=15)? (sd can oka’ praia ass’ eore’ pods 
bbe sdetin muinorooenGoe reat ye i S, SET one bit at a time through the front-penel switches; 
X000 xxO suuowncoaso9o cee hae but nobody likes doing Unis exeept for teeny pro- 
* grams. 
RN 
X00X 000 0XK00X0XKG000 ADD THREE AND RETU) 
PROGRAM 
® cox pineal oom ITO START OF: (Note: an assembler for one computer (sey 
x 00M Oxo XOXO0000000K JUMP CHKCL J (WE'VE DONE CHECKING CLOCKS). sn PDP-0)" thal rina en gvaltunene comand 
XOOX OXX OXXOOXOROXXK STORN, STORE N /STORE NEW CLOCK-NUMBER COUNTER aay’; ths’a80ys le oolioasd cestosasenbion’s 
XOOX KOO XOXO000KOOXO JUMP ROUND /AND SERVICE NEXT CLOCK. END OF MAIN PROGRAM. y- gross gavembler. 
HESE ARE CONSTANTS. 
XOOX XOK 900000000000 ZERO, $ , Tl 
OOK XXO Q0000000000x ONE, 1 
X0OX 00t 9000000000x0 TWO, 2 
% 0X0 000 0000000000xK THREE, 3 
XOXO OOX 900000000x00 FOUR, 4 
XOXO OXO 00000000K0x FIVE, $ 
XOXO OXX 00000000x0x0 NINE, 9 
000000002001 FTEEN, 15 
re tox ¥K0000000000 INPUT. 69988 /RAW INPUT INSTRUCTION. (OCTAL) OW Pou Gece 
XOXO KKO XX00K0000000 OUTPUT, 62685 /RAW OUTPUT INSTRUCTION. (OCTAL) 
MOKO KXK 900000000000 N,B /COUNTER FOR WHICH CLOCK WE'RE ON. Ww y We USE 


F TH $ LooKs ES tS " HIGKE R COMPUTER LANGUAGES. 
FoR Hy ABLE Y Mat poole dest bike thy solh, 
1b Bt 3 TR! OVER. HERE, rele pir 


"Assembly language programming Js good for the soul.” 


Folk saying 


Minicomputers are now being found 
in highschools; active marketing to 
highschools is now:being done by both 
DEC and Hewlett-Packard. 


Children's museums in Brooklyn 
and Boston have recently obtained PDp- 
lls for the kids to interact with. In 
the Brooklyn case, the computer will 
even demonstrate the exhibit and help 
the child discover things about it, in 
ways worked out by Gordon Pask (see p. 


yn13) « 


In the future, networks of minis 
may be the systems to offer low-cost 
information services to the home (for 
speculations, see p. 5457). 

But minis will aisl start to make big- 
ger and bigger incursions on the terri- 
tory of the big machines. For instance, 
one group proposes a time-sharing sys- 
tem which will simply consist of Novas 
interconnected in a ring, the so-called 


suoTzonpozg Aeustd 3TeM ) 





This is a PDP-11, one of the world's best-designed mintcomputers (see p. 4h). 
The PDP-11 te a 16-bit machine. Shown ie Model 45, the fastest PDP-11, which 
has various special features. Stripped, with 4K of core memory (that's 4096 
locations), it costa about $13 grand. A smaller PDP-11 goes for some $5000. 


A minicomputer simply means a 
small computer, no different in 
principle from the big ones (see 
next spread), and it can do all the 
same things except as limited by 
speed and memory capacity. 


(Mind, we are talking about 
Teal computers, not the little cal- 
culators you hold in your hand that 
just do arithmetic. A real compu- 
ter is one which works on stored 
programs and all kinds of data, 
working not merely on numbers but 
on such other things as text, mu- 
sic and pictures if supplied with 


appropriate programs; see flip side.) 


There is some argument over 
what constitutes a minicomputer; 
basically we will say it's any conm- 
puter with a word length of.18 bits 
or less (see "Binary Patterns," p. 
27). (Some companies, like Data- 
craft and Interdata, are trying to 
peddle their worthy computers as 
“minicomputers" even though they're 
24 and 32 bits, respectively, but 
that's very odd. Interdata says 
any computer under ten thousand is 
a mini-- which means all computers 
will be minis by and by; a vexing 
thing to do to the term.) 


Traditionally minicomputers 
come with much less. In the old 
days pretty much ali the programs 
you got with it were an assembler 
(see p. %5) and a debugger (see p. 
Jo) and a Fortran compiler (see p. 
O41) if you were lucky. Today, 
though, with minis having highly 
built-up software like (see Pp: Yo-%Z 
for descriptions) the PDP-8, the 
PDP-11 and the Nova, you can get a 
lot of different assemblers, to- 
gether with Fortran, BASIC, and a 
little disk or cassette operating 
system (see p. 45) to make your 
life a little easier, 


The idea of owning a computer 
may’ seem strange to some people, 
but with prices falling as they are 
it makes perfect sense. Numerous 
individuals own minis, and as the 
price continues to drop the number 
will shoot up. For several families 
with children to pool together and 
buy one for the kids makes a lot of 
sense. One friend of mine has an 8, 
another is contemplating an 11. 
(I've been trying to get my own for 
years; perhaps this book...) Any- 
how, the general price range is now 
$3000 to $6000 plus accessories, 
and that's dropping fast. Rental 
is usually a great mistake: prices 
are very high and after six months 
or so you'll have paid for it with- 
out owning it. (But names of rental 
places will be found in this book, 
and some of them may offer good ar- 
Tangements.) Minis may now be had 
in quantity for $1000 each-- price 
of the PDP-8A in May 1974-- and soon 
that will be the consumer price. 


Unfortunately, the price of the 
computer itself is dropping faster 
than that of the accessories, such 
as the basic terminal you'll need, 
which still weighs in at $1000-5000. 
Moreover, as soon as you want to do 
anything serious you'll need a disk 
{starting around $4500) or at least 
a cassette memory (starting around 
$1500). But these prices too will 
come way down as the consumer market 
opens. 


Some of us minicomputer freaks 
see little real need for big computers. 
Minicomputers are splendid for inter- 
active and “good-guy" systems (see 
p- 13); as personal. machines, to han- 
dle typing and bookkeeping; even for 
business systems, if you recognize 
the value of working out your own in 
BASIC or, say, TRAC Language. 


Minicomputers are being put in- 
side all manner of other equipment 
to handle complex control, (However, 
for repetitive simple tasks, the lat- 
est thing is microprocessors (see p. 
44), which cost less but are harder 
to program.) 


STAR-RING, which will supposedly conm- 
pete with big time-sharing. 





Here's that selfsame PDP-11 
in ite overall setting. With 
peripherals shown, plus the 
magnificent Vector General 
display (shown later on in 
book, pe*3i & elsewhere), 
thie setup cost well over a 
hundred grand. (This is the 
Cirele Graphics Habitat, oth- 
erwise known as the Chemtatry 
Department Computer, U. ILli- 
note at Chicago Cirele. Why 
do chemists need such things? 
See p. Sn31.) 





The good ol' PDP-8, perhaps 

the most popular minicomputer 
(12 bites). Full PDP-88 now 
cost about $3000, "kite" lese. 
Shom here with a Sykes cas- 
sette tape deck-- a nice, 
rather reliable unit-- and a 
screen dieplay (see pp?"22-3). 
Courtesy Princeton University 
& R.E.S.I.S.7.0.R.S. (see p. ¥) 





Kids Love computers. 
They belong together. 
Thie lad flips panel 
switches on a Nova, 
perhaps the third most 
popular mint after the 
& and 11 (16 bite; see 


p- 4). 
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MINICOMPUTER: 


+ Cokyy, ers are 
33 Same be] more So, 


DINKES: Oh overview” 


There is great confusion as between 
various types of small computer, with the 
latest stupid term, "microcomputer," add- 
ing to the confusion. We have: 


minicomputer or mini 

Traditionally, any computer hav- 
ing an architecture (memory and 
main registers) of 18 bits or 
less. Lately, unfortunately, 
some people have been adver- 
tising their 24-bit and even 
32-bit computers as minis. 
is just confusing. 

(They base this on the fact 
that "minicomputer" has also re- 
ferred to a machine sold without 
a lot of programs. But that’s 
really a separate issue.) 


microprocessor 
Two~level computer (see p. 44 ). 


microcomputer 
Crummy term apparently being used 
to mean any tiny computer, regard- 
less of its structure. Thus all 
computers will be "microcomputers" 
in a few years. This clarifies 
nothing as to their structure or 
use. 

midi computer 
Remember midi skirts? Well, this 
term has been used for computers 
larger than 16 bits or faster than 
usual, by people seeking to give 
the impression that their machines 
are bigger than minis and less than 
biggies. Even the PDP-10 (a genuwine 
biggie) has sometimes been called 
a midi. 


A product called Cling Free 

~~ comes scented in a spray can, 
for preventing static in your 
laundry-- is said to eliminate 
static electricity in carpeted 
computer rooms. Spray it all 
over the rug, especially near 
the computer, and you won't 
zapp the computer with sparks 
from your fingers. 
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HEY, SOME MINI RENTALS MAY BE REASONABLE 
Nova minicomputers are leasable from: 
Rental Electronics, Inc. 
(a subsidiary of Pepsico) 
99 Hartwell Ave. 
Lexington, MA 02173 


for as little as $250/mo., long-term, 


A long but incomplete list of minicomputer manufacturers is at the bottom of p. 4 5 
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The mini man is like a rock climber, 
chimneying and twisting to squeeze through 
to his goal-- not his body, of course, but 
his program. 
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The operator muses at the console of the main computer at the University 
of Illinois at Chicago Circle. It is an IBM 370 model 156, which rents for 
about $50,000 a month, including all accessories and a dozen or so texminals 
-- in the parlance of big-computer people, a “medium-sized installation." 


This is a big computer. 


In principle it's no different from a small one; but it has 
bigger memories, more registers, more program followers. There 
are more specialized parts. and more things happening at once. 
(Thus the term "digital computer complex" is sometimes used for 
a big computer.) It comes supplied with a monitor program or 
operating system (see p. 45) and a variety of other utility pro- 
grams and language processors. 


_ Biggies have many ominous and seemingly incomprehensible 
things to scare the Layman. 


For one thing, where is the computer? All you see is a lot 
of roaring cabinets. Which is it? 


; Answer: all of them. "The computer" is divided among the 
different cabinets (note diagram and cluster of pictures locating 
the operator among them, below). The external devices or peri- 
pherals (see p. 57) are usually in separate housings. Usually 
there is one single box or "mainframe" containing core memory, 
main registers, program-following circuitry, etc., as in the ma- 
chine illustrated, but these things don't have to be in one hox, 
and sometimes aren't. arae 





Operator's console of 
this particular setup. 
The operator may use the 
keyboard or light+pen 
(see p. DMS) to select 
among waiting programs, 
submitted by various 
programmers and depart- 
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The parts of a computer are set 
up to be gotten at, to be refilled and 
repaired. Their innards swing open 
like refrigerators. Similarly, the 
wiring of computers is in separate sec- 
tions or modules ("module merely be- 
ing today's stylish term for "unit"), 
having very orderly connections among 
them. Individual circuits are on cir- 
cuit sheets or“cards" which plug in 
sideways and may be replaced easily. 
There's nothing really computerish 
about this, it's merely sensible con- 
struction; but it is traditional in 
other fields to build something as a 
tangle of wires. (When TV makers fol- 
low these rational practices, they 
call it "space age construction.") 


Why are the different parts so 
far apart? So there's room to swing 
them open, refill or change them, sit 
down and repair them. Refrigerators 
could, and perhaps should, also be 
built in separate sections, but it's 
not traditional. Automobiles can't 
be spread out because they have to en- 
dure the jostles of the road. But 
computers like this baby aren't going 
anywhere. 


Also intimidating is the fact 
that you have to ste up as you enter 
a computer room, at's because com- 
puter rooms ordinarily have raised 
floors, permitting cables to be run 
around among the pieces of equipment 
without your tripping. 


Computer rooms are generally lit 
by millions of fluorescent bulbs, 
making them garishly bright. This is 
simply tradition. 


Big computers can have millions 
of words of core memory. Moreover, 
there are usually several disk drives 
and tape drives, as seen in the pic- 
tures, used to hold data and programs. 
(Some of the programs are the system 
programs, especially the language pro- 
cessors and the operating system-- 
see p. 45'-- but other programs and 
most of the data belong to the users.) 





AN OPERATOR IS NOT A PROGRAMMER 


Cindy Woelfer is the day-shift operator of Circle's big computer. 
The job mainly consists of changing diaks and tapea,. starting and stop- 


Ping different jobs listed on the scope, and restarting the computer 


when the system crashes (gratuitously ceases operation) . 


Ms. Woelfer, a thoughtful person, says she does not find her job 


very stimulating. She can program, but the job doesn't involve pro- 
gramming. It's also a lonely job. Non-systems people, except Mayor 


Daley, aren't ordinarily allowed around. About the only people to talk 


to are the systems programmers who stop through to look at the scope 


and see whether their programs are up next. 
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It used to be traditional for 
machines like this to have many many 
rows of blinking lights, showing what 
was in all the main registers at any 
fraction of a second. But there's 
really no point in seeing all that, 
since about all you can tell from it 
is whether the computer is going or 
not (if it's not, the lights are stop- 
ped) and other high-level impressions, 
For that reason some big computers, 
beginning with the CDC 6600, started 
doing away with the fancy lights and 
bringing written messages to the op~ 
erator on a CRT scope instead (for 
lots more on the glories of CRTs, 
see the Flip side, pp- DM27. 


Big computers can have multiple 
program followers and sets of regis- 
ters (a program follower and its 
main registers are together called a 
CPU, Central Processing Unit). A 
computer with two CPUs, ive., two 
sets of program followers and regis- 
ters to carry the programgout, is 
called a dual processor; “a computer 
with more than two CPUs is called a 
multi-processor. 


Separate independent sections of 
core memory may be put in one computer, 
allowing separate program followers 
and data channels to work at the same 
time. (Note: a "bank" of core memory 
is an independent section. Except in 
this sense of "core memory bank" or 
“core bank," there is no other correct 
usage of the layman's vague term 
“memory bank." Computer people only 
say "memories," and distinguish fur- 
ther among core, disk, tape, etc. 
Note that "data banks" are a separate 
issue-- see "Issues," p.58 .) 


DINOSAURS? 


Many computer people, the author 
included, entertain certain doubts a- 
bout the long-term usefulness of big 
computers, since minicomputers are 
cheaper, especially in the long run, 
and can actually be in the offices and 
homes where people create and use the 
information. Big computers are neces- 
sary for time-sharing (see p. 45) and 
huge “number-crunching" jobs (see 
“Grosch's Law,” nearby). llowever, it 
will soon be cheaper to put standard- 
ized number-crunching jobs in stand- 
alone or accessory hardware; see "Mi- 
croprocessors,”" p. 44 


Fans of big computers also argue 
that they are necessary for business 
programming, but that only means tra- 
ditional business programming-- non- 
interactive and batch-oriented. For 
tomorrow's friendly and clear business 
systems, networks of minis may be pref- 
erable. But makers of big computers 
may be unwilling to admit this possi- 
bility. 








SYSTEM 
CRASH 








Tendo to happen several times a day. 
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Minicomputers are so nifty that we may ask 
why heve big computers at all. The answer is 
that there are considerable economies, especially 
In applications (hat require many repetitive oper- 
ations and don't need Interaction with users. 


A hypothesis aboul the economy of big 
computers was formuleled a long time ago by 
Herbert J.R. Grosch, onetime director of 1BM's 
Watson Lab and now a heavy detractor of IBM. 

Thus It is called Grosch's Law. The idea is 
basically thet there is a square-law relationship 
between 4 machine's size and Its power (narrowly 
defined in terme of the cost of millions of operations, 
and without considering the edvantages of interactive 
systema or other features which may be of more 
ultimate value. Anyway, when I asked him recently 
for hie formulation of Grosch's Law, I got the fol- 
lowing: 





"Grosch's Law. (formal): Economy in computing is as the 


square root of the speed. 
Gnformal): If you want to do it ten limes 
ap cheap, you have to do it a hundred times 
as fast. 
(interpretive): No matter how clever the 
herdware boys are, the software boya piss It away!" 
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GREAT Gnruregs 


Here, then, are some thumbnail descrip- 
tions of some great, classic or popular com- 
puters, expanding our basic diagrams as needed. 


Individual computers represent variations 
of the patterns shown so far. 


The particular structure of registers, 
memories and pathways among them is called the 
architecture of a computer (see p. O2 ). The 
Binary instructions available to the program- 
mer are called the instruction-set of the 
particular computer (see p. . (The word 
“architecture” is often used to cover both, 
including the instruction-set as well.) 


The principal variations among computers 
are the word length (in bits-- see "binary 
patterns," p. $3) and the number and arrange- 
ment of main registers. Then come the details 
of the instruction-set, especially the ways 
in which items are selected from core memory 
-- the addressing structure. Then the instruc- 
tion-set, whose complications and subtleties 
can be considerable indeed. 








The individual computer is the complex 
result of all of these. If they fit together 
well, it is a good design. If they fit to 
gether poorly, it is a bad design. A bad de- 
Sign is usually not so much a matter of overt 
stinky features as of ramifications which fit 
together disappointingly, (Glitch is a term 
often used for such stinky features or rela- 
tionships.) 


The possible ways of organizing computing 
hardware are vast, and only partly explored. 
(An aside to computer guys: on the Intel chip 
debugging consoles they have an address trap 
(trapping on a presettable effective address) 
and a pass counter (trapping after n passes). 
How come we haven't seen these sooner?) 


The machines mentioned here are an arbi- 
trary selection. Some of them are the Great 
Numbers, computers so important that folks use 
their numbers as proper nouns, with no brand 
name: 

"Do you have a 360 up there?” 


"No, but there's a 6600, a 10 and a 
bunch of 8s." 


“Personally, I'd rather work on a 5500," 


Here is what they are talking about. 
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The PDP-§ was designed by Gordon Bell 
(in ite original version, the PDP~5) about 
1960. Originally it cost about $25,000; as 
of May 1974 thst price is down to about $3000, 
of less than a thousand dollare if you want 
to buy the circuits and wire all up your- 
self. Yup, here comes that Heathkit. 








The PDP-8 has been DEC's hottest seller; 
you'll find them in industrial plants and 
misenms, or even hidden in the weirdest equip- 
ment, from typesetting devices to big disk 
deives. At aniversities all over there are 
kids who imow tham inside out, 








Today the PDP-8 seams archaic, with its 
one accumlator and awkward addressing sch: 
you can only get to 256 different addr 
core memory directly, and it chopped up into 
page: But for ite time it w. a brilliant 
design, packed like a parachute, and even to- 
day there are people who ewear by it. (But 
look at what Bell's done lately: the PDP=11.) 














So many programs exist for the PDP-8, 
though, and so mach sentimental fondness, 

it will be with us for the foresecable futur. 
Time the “Bucky's Wristwatch" azemple (see pp. 
34-5) ds not totally frivolous: we ma 











chips is only a ir or so away. But let's 
hope they do the 11 first. 





(Lookalikes available from Digital Compa’ 
Controls and Pabri-Tek.) “ — 
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The IBM 7090 was the classic computer. 
Introduced about 1960 and mostly gore by '66, 
it was simple and powerful, with clean and 
decent instructions. With ite daughter the 
7094, it became virtually standard at uni- 
versities, research institutions and scien- 
tific establishments. At many installations 
that went on ¢ 360s they long for those 
clearminded days. 





The 90 had three index regist and 
fifteen bits to apecify core addresses. 
(Thie meant, of course, that core memory 
could ordinarily be no longer than 32,768 
words ("32K"-- see “Binary patterns,” p. JJ.) 
A later model, the 94, went up to 7 index 
registers, since there were three bits to 
select them with. 
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to anyone who'll cart 
them away; partly because they needed a lot 
of power, airconditioning and oso on. But 
they were great number crunchers. (If you 
want s 90, I believe that 90 lookalikes are 
‘still availab 
California. 









Univac's 1106 and 1108 are fast, highly 
regarded machines. In designing the computer 
Univac did a clever thing: they built an up- 
graded 7094. This meant (as I understand it) 
that all the programs from the old 7094 will 
Tun on it. But instead of two main registers 
they have 28, 


. (Where they found the bits in the instruc- 
tion word to select among all those registers 
I can't tell you.) 


The 1108 is a larger version, with twice 
as many main registers. 
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DEC's PDP-10 is in some ways the standard scientific 
computer that the IBM 7094 was in the sixties. 


The PDP-10 is excellent for making highly interactive 
systems, since it can respond to every input character 
typed by the user. 


It is a favorite big computer among research people 
and the well-informed. The ARPANET, which connects big 
computers at some of the hottest research establishments, 
is largely built with PDP-10s. There are PDP-10s at MIT, 

U. of Utah, Stanford, Yale, Princeton and Engelbart's shop 
(see p- Mmyo)- The Watkins Box (see p.)m%3) hooks to a 10. 


Digital Equipment Corporation, aware that its computer 
trademark "PDP" connotes minicomputers to the uninformed, 
now wants the 10 to be called DECsystem-10 rather than PDP. 
We'll see if that catches on. 


Who designed it is not entirely clear. I've heard 
people attribute it variously to the Model Railroading Club 
at MIT, to Gordon Bell, and one Alan Kotok, 


Originally it was the PDP-6, which appeared about 1964, 
and was the first computer to be supplied with a time-sharing 
system, which worked from the beginning, if rockily. Now 
it's good and solid. DEC's operating system for it (see p. 
45) is called TOPS, but BBN sells one called TENEX, also 
highly regarded. The 10 does time-sharing, real-time pro- 
gramming and batch processing simultaneously, swapping to 
changeable areas of core memory. (This feature should soon 
be available, at last, on IBM computers ("VS2-2").) 


PDP-10 time-sharing works even if you don't have a disk, 
using DECtape (DEC’s cute little tapes). Of course, without 
disk it’s really hobbling, but this capacity is nevertheless 
noteworthy. 


The PDP-10 has debugging commands which work under time- 
sharing and with all languages, and hugely simplify program- 
ming. 


Unlike the [BM 360, whose hardware protection comes in 
options, the 10 has seven levels of protection: the user can 
specify who may road his files, run them, change them, and do 
four other things. The PDP-10 does have jab control commands, 
but they are not even comparable in cumberosity to IBM’s JCL 
Language (see p. 31), and they are the same for all three 
modes of operation: time-sharing, real-time and batch. 
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The PDP-10 has 36 bits but has instructions to operate 
on chunks, or bytes, of any length. It has sixteen main reg- 
isters, as does the 360, but uses them more efficiently. 


The PDP-10 alsohas unlimited indirect addressing: an 
instruction can take its effective address from another lo- 
cation, which can in turn say to take its effective address 
elsewhere, ad infinitum. For your heavy tight elegant stuff, 


Perhaps most important, the 10 has a full set of stack 
instructions (see "The Magic of the Stack," p. 42), allowing 
programmers to use multiple stacks for purposes of their own. 
(The operating system's own stacks are protected.) Program- 
mers do not have to save each other's registers, as on the 360, 
Programmers are relatively safe from each other. 
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Some think of the PDP-6 and 10 as a glorified 7094 (with 
18 addressing bits, instead of 15). In this case we might 
consider the 360 a stripped-down version of the 6, since IBM 
threw out the stack and in most models the memory mapping. 





PDP-10s are ordinarily sold where the views of scientists 
and engineers are considered important, and comptrollers do 
not have first choice. Nevertheless, some say that its busi- 
nes$-programming facilities (i.e., COBOL, duh) are just as good 
as those of companies who claim to have designed computers "for 
all purposes." First National City Bank of New York has Found 
that the PDP-10 makes a splendid banking computer for internal 
use, profitable at an internal charge of $3.75 an hour plus 
processing charges. Prices for a PDP-10 system with disk start 
stare about $500,000, or $15 grand a month, and go up into the 
millions. 


However, DEC salesmen are not like IBM's, who can reputed- 
ly sell Eskimos to iceboxes. For one thing, DEC salesmen are 
on salary, That fits DEC's demure, aw-shucks image, but it 
doesn't exactly sell big computers. 


(For you Firesign Theater fans, the mutterings of the 
dying computer on the "Bozos" album are various PDP-10 system 
thingies, artistically juxtaposed.) 
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sons {see pp. S2-6). 





to haunt the 360 seri 
even think Le results from deliberate poll- 
Yet the 360 (and its software) seem somehow or- 
ized to aake programs Inefficient and slow: to make programs 
ding lots of core memory (with numerous enticements for 
the programmer to take up more); to prevent the compatibilities 
that are so widely advertised, oxcept through expensive options; 
to make ching excessively complicated, thus rocking in both its 
‘3 and the employees of Its customers to practices and 
les that are somehow unnecessary on other brands of 
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The design of the 360, which was basically decent, 3 gen- 
erally attributed to Amdahl, Blaauw and Brooks. Those who hate 
it, and there are many, base their complaints largely on the 
restrictions and complications associated with its operating 
system OS, which is notorlously inefficient (see p. 45). 


The architecture of the 360 was quite simllar to the PDP-6 
(now the PDP-10), designed sbout the same ti: sixteen maln 
general-purpose registers of aver thirty bits, and using the 
16 main registers as elther accumulators or index registers. 











A curious form of addressing was adopted, called "base- 
register addraes in; Th 3 for the oper- 
that and «as thought to be sufficient- 
the need Indirect Addressing, Tvo 

asin registers holding a more or less 





















qual to the program's start register," 
whose contents ress. 
Often a third m 
ceguters 
— 


oa 
= 
3 
Adea of thie technique is thet programs can be “relo- 
catable operating inywhere In core momory. A few instructions 
e 


at the beginning of each program can ascertain where it is run- 
ning from, and eecablish the Base accordingly. 








The basic idee of the. 360 seems to have been doped out for 
Rultiprogramming, or the simultancous punaiey of several pro- 
grams in core, @ feature IBM has pushed heavily with thls com- 
puter. 


WHAT'S WRONG WITH THE 3607 


The maln differences between the 360 and the PDP-6 and 10 
Tepresent conscious and legitimate and arguable design decisions. 
To fans of the PDP-6 and 10, here the 360's main drawbacks: 


NO INDIRECT ADDRESSING. This was because, within the ed- 
adopted addr could not be adjusted 
more Inefficient, 











NO STACK. Why? Too expensive uw and 











Brooke in the IBM Systems Journi stacks on 
$5000 PDP-11 andTe would “have ‘lot of 


money on programming. 


NO MEMO! 
PDP-6's succ 
distributl: 






addresses in core to service every 
kt were oper from location cero on up, the 360 left this 
general problem to local programmers and (on certain levels) to 
operating systens. 


Handllog this automstically in the PDP-10's herdvare ob- 
vhates the complications of base-index addressing and makes pos- 
alble the efficiencies of Indirect addressing. 











LOORALIEES 


360 lookalikes were sold by RCA and Univec. Now that RCA 
no longer makes computers, Univec is servicing the ones they 
ade. 


And Amdehl, no longer with IBM and now head of the Amdshl 
Corp., is coming down the pike with a super-360 of his own, in 
art backed by Japanese money. It will be bigger chan [3M's 

and cheaper, (See Hesh Wiene: tdoing IBM: the 
Computer Decislons, March 73, 18. 





20. 





faterny 


ee nis 
Finer 
SOPRRCORPYTERS, tuo (400, & 600. 







computer, The first one was 
1965. The machine and its 
operating system, CHIPPEWA, were created by 
Seymour Cray and his team in hinterland Min- 
nesota. 





Extreme speed was designed into the com- 
puter in a number of ways. The maln computer 
has no Input or output at all; this is hend- 
led by data channels which have been built up 
Into full-scale minicomputers or “peripheral 
Processors” of 18 bits. 





ferences, HemeassoUs (64 Unig 444 ee phon) 
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Instructions can be executed at light- 
ning speed, much [1 
second or so. However, since core memory is 
much slower than the main registers, = trick 
is used: program Instructions are d 
core Into a superfast instruction list ‘often 
called a cach y Jumps or loops wich- 
in this seven be exacuted at 
unthinkable spe: 3 tens of millions 
of times per second. 



















hine is especially geared for 

int numbers (see p. 99). Because 
of the intense speed of the fast instruction 
nstructions (such as aultiplica- 
tion and division of integers) can be accom- 


plished faster by a sh rogram than if 
Chey had actually been Wired nto the computer. 
start of a whole 











They 6600 became 
line, including the 6300, 6800 and others. 
The 6400 is used by PLATO (see p.pAND. 
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The Movs came out In the iste sixti: 
Basically the story was thlat eome of the 
higher people at DBC, perhape disestisfied 
with DEC's soft eell, perhaps out for their 
own personel share of things, broke out and 
started their own corporation. They had in 
hand the design for a hot, solid minicoaputer 
— some say Lt wes the rejected design forte. 
as-yet-nonesistent PDP-11-- and since then 
they have built it reliable end sold it herd. 











The basic design of the Movs is sleek 
and simple: four asia registers, no stack, 
well-designed instruction Fy lt 
was (I thiak) the firet, er to be built 
around a Grand Bus (ase » & design vbich 
hae caught on rather widely. 


Data General (the company mentioned) 
hes used very loteresting sarketing atrat- 
egy. Instead of bringing cat a variety of 
new computers as tine goes on, they concen- 
trate on asking the Bova faster ond smaller. 
They began by competing against DEC— 
pecially In "the OGM market," purchasers who 
ere burying ainicomputers iu lerger equipment 
they im turn make-- but more recently they 
have actually atarted to msrket ageiost IBM 
with busloces systens. Ja recent onthe 

= 
ity end eystery of 18M systems, arguing quite 
rightly that minicosputers programed io 
BASIC are a reasonable alternative for « wide 
variety of musiness applicatons. 














The Hova's iastructioo-set is clean 
and straightforward, Mey examples (firet 
bits only)« 





9000 Jump (thus an all-sero ip- 
atruction jumpe to loc #) 

ovu00k Subroutine jump 

000K Increment, skip if zero 

COOmE Decrement, skip if zero 

ox Load ac 

0x0 Store AC 

I Instructions among register 





One compatitor, Digitel Computer Con- 
trola, sells a Nova lookalike. Whether Dats 
General will sell you its programs to run on 
it is another questicn. 
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A computer jd the LINC, now usually, 
referred to as classic Linc," was perhaps 
the €lrst minicomputer. [t was en important 
forerunner of our bighly ine 
today, notably including today 
plays with double program followe: 
DATZ ), which offer the highest 
capabilities. 


Perhaps most i eocly, it was designed 
with none of the b: thet creep In from the 
traditions of business computing. 

















It was called the Linc because it was 
od st Lincoln Laboratories (about 1960), 
for “blomedical research"-- actually i¢ was 
the sort of computer you'd want for hooking 
up to all sorts of inputs and o: tputs, to 
ake music, to run your darkroom, but only 
acdical scientists ceuld afford it, so that's 
what they said it was for, 





The LINC had two interesting Innovations. 
It was probably the first computer to be des- 
Igned with a built-in CRT display (see C1ip 
side}, It also came with a funny little tape 
i ed for reliability and high res- 
ponse, that was supposed to perform almost as 
conveniently as a disk and be reliable even 
in dusty or messy environments, This was the 
an accessory by ane 
what and made it 
pe unit of the PDP 


















company. 
the DECtape, 
computer line. 








It was never sold commercially. A dozen 
or so were made up specially out of DEC mod 
ules and dealt out to various scientists, and 
the general hope was that DEC would take the 
machine up as part of its product line, but 
that’s not what happened. DEC Instead pushed 
its PDP-8 and gave us instead, by and by, 


% LENC-8 


10 Mb. a more 
( Ge PDE oR nee) 
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DEC was offered the option of building 
Lincoln Laboratories’ classic LINC, but decl- 
ded instead to combine it, in the mld-sixties, 
with the already-success(ul PDP-&. That way 
all the PDP-8 programs and most of the LINC 
programs would work on it. The result is kind 
of strange, but very popular in biomedical re- 
search: two computers in one, handing control 
back and forth as needed. You can write pro- 
grams on the Linc with sections for the 8, and 
vice versa, Ham. A more recent and 9licker 
version is called the PDP-12, 





While you might half-think that both 
sides of the computer could work slmultaneaushy, 
giving you double speed, It doesn't work that 
vay. There's only one co ry, and that 
sets the basic speed; eit DP-8 Instruc- 
tlen or a Linc instruction be underway at 
once, but not both. 








see here the double 
uch an important pi 
computer disp: 

, Linc programmers often 
that way: the PDP-8 ru 
actual program, the Linc part running 
display in conjuncelon with it. 







Nevertheless 
hi 











A horrifying and weird picture of an oxperi- 
mental monkey sitting on @ PDP-12 and making 
Ikke the Creature from the Bleck Lagoon is 
to be seen in Time, 14 Jan 74, p. SA. It 
looks very scientIfic. 
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Other firms, such as Auerbach, 
offer acre expensive services of the 
same nature. 





B, Belzer, The Archltecture and Engineering 
of Digital Computer Complexes. enum 


Press, ¢ vols., . 


Heavier ¢ Beil and Newell. A 
catalog of thousands of structures and 
tricks, emphasizing the tradeoffs among 
thea. 
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I have heard no computer wore widely 
Taised ng computer people than the Bur- 
Poughs S000 (replaced by the $500). The S000 
was designed about 1960 by Edvard Glaser and 
Bob Barton, It was designed to be used only 
with higher langueges, not allowing progran- 
@eTs access to the ‘nary instructions the 
selves, Indeed, lt wes particularly designed 
to be used with ALGOL, which would have been 
the standard language 1f IBM had allowed it 
1) and is still the “Internationa: 




















Because of this approach, its main regis- 

to be hidden from the programmer 

d attention centered instead upon the sti 
high-level programming device (see box 

Stacks). However, index registers were added 

to make it better for Fortran, 












The S000 was marketed as an “all-purpose” 
computer with an operating system, anticipating 
IBM's 360 of a few years later, Indeed, after 
the 360 was ennounced, Burroughs sales picked 
up, because [BM salesmen woro at last :promoting 
the concepts that customers hadn't understood 
when they heard about thom froa Burroughs 
salesmen years before. 


Bigger machines In the line are now the 
6500, 6900... 


The Burroughs Corporation continues to 
be an acknowledged leader in computer desi 
Apparently theit sales forco is something else, 
unfortunately, 1 ence spent some time with a 
Burroughs salesman who not only knew nothing 
about the magnificent structure of the machine 
he represented, but would not get me further 
Information unless [ demonstrated that the 
company'I represented (a large corporation) 
was seriously interested. He wore very fancy 
clothes. 
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into the computer (“hardware 
ted in a progra 

computer te keep track of a vest number 
different activities, interruptions and 
plications at the same time, 





previously working on. 


them all. 





It goes like thi 


in core memory at a 





has to go on the 8 
PUSH, 





something el. 
is called 





"posit" 


4 





When 
ious activity 
Stack pointer and ferches whatever that 
pointer points to, 











It may not be Immediately obvious, 
this trick has iamense power. 


betweon programs, intermediate results, 

previously. 

very freely, It Li 

to jump among subroutines-- independent 
1 


programs-- wv 
track of where you've been, 
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oe 


locations and intermediate data, $0 that 


from at the end of each subroutine, 





The Stack is a mechanism-- either built 
or Incerpor: 
("software") which allows a 





of 
com- 


Basically, lt 18 a mechanism which allows 
@ program to throw somathing over Its shoulder 
in order to do something else, then reach hack 
over its shoulder to get back what It was 
But no matter how 
things it throws over its shoulder, everyt 
stays orderly and continues to work smoothly, 
till it has resumed everything and finished 


ny 
ng 





if the program has 
to set aside one thing, it puts that one thing 
lace specified by a 


number called a steck pointer. Then it 
one eo the stack FOIater, te be ready in case 


adds 


This 


program is ready to resume a prev- 
It subtracts one from the 


stack 


This is called a PoP. 


but 


For instance, 
we may stack any number of things together-- 
the addrosses of programs, data we are moving 


and 


codes that show what the computer was doing 


Using stacks, programs may use each other 
for instance, 


litele 


ly-nilly, using a stack to keep 


In this case the stack holds the previous 


the 


program follower can go back where it came 


STACK 
SURROUTINING 





This even makes possible "re-entrant" progr: 
meaning subroutines that can be used simehren?? 
taneously by different programs without mixup 
and "recursive" prograas, ing programs |” 
that manage to call themselves when they 
themselves are in progress. 














¢ also used for handling “interrupts” 
signals from outside that require the 
computer to set aside one Job for another, 
Having a built-in hardware stack enables the 
interrupts to pile up without confusion: 








Finally, stack arithmetic, like that done on 
the Burroughs SSOU, enables arithmetic (and 
other olgebraic types of activity) to be 
dled without setting aside registers or space 
in core memory, AS a simple-minded example 
on @ hypothetical ine, suppose we wanted 
to handte 











z+743 


On this machine, let's say, this gets compiled 
to a program and a stack: 





Then the operations are carried out on the 
stack itself: 


ay 


~ we So, 
perc ood ==) oe 
Chap iar ESB et ecu, SF 


Stack programm tends to bi fficient, 
particularly in its use of core memory. 


langua; such as Algol and TRAC 
require stacks, 











Ss 
Language 


Some computer companies such as IBM, | 
yesolutely Ignore stack architecture, though 
hardware stacks have become widely adopted 
in the fleld. 





me GRAD SYS 


In electronics, # "bus" is a common 
connector that supplies power or signals to 
and from several destinations, In computers, 
a “bus” Ls @ common connection among several 
points, using carrylng © Complex parallel 
signal. 


The Grand Bus, a new idea among computers, 
is cetching on, (The term Is used here be- 
Cause the colloquial term, "Unibus," Is a DEC 
trademark.) 








Basically the Grand Bus is @ connector 
of multiple wires that goes among several 
leces of equipment. So far that's just # 
us, But a Grand Bus is one ¢ allows the 
different pleces of equipment to be changed 
and replaced easily, because signals to any 
© of equipment just go out on the 








This means that the interface problem 
Is deeply simplified, because any device with 
4 proper bus interface can simply be plugged 
onto the bus. 





It does mean a lot more complexity of 
signals, The Unibus, for example, has about 
fifty parelle2 strands. But that means var- 
dous tricky electrical dialogues can rapidly 
give instructions to devices and consider re- 
Plies ebout their status, in quick end stan- 
dardized ways. 














Prominent grand buses include: 
The Nova bus (nameless; the first?) 
PDP-11's Unibus 
Lockheed SUE's Infibus 
PDP-8's Omnibus. 





The idea is great in general. For your 
home audio equipment, for Instance, Grand Bus 
architecture would simplify everything. 


Not only thst, but Detroit 4s supposedly 
yolng to put your car's electrical system on 
# Grand Bus. This will mean you can tell at 
once what is and isn't working, and hook up 
new goodies easily, 





The PDP-11 is not a beginner's computer. 
But the powor and elegance of its architecture 
have established it, since its introduction in 
1970, a3 perhaps the foremost small computer 
in the world, 





Actually, though, we can't be too sure 
about the word “small.” Because as successive 
parts of the line are unveiled, it becomes in- 
creasingly clear that this line of "small" 
computers has been designed to include some 
very poverful machines and coupling techniques 
and it would seem that we haven't 








In other words, DEC's PDP-11, 
which has already cat into sales 
of thelr PDP-@ 12-bit series and 
PDP-15 18-bit series, may soon cut 
into its PDP-10 36-bit series-- as 
designer Bell unveils (perhaps) 
monster PDP-115 in arrays or double 
word-length or whatever. 











The PDP-1) designed by C. Gordon Bell 
and his assoc 3 at Carnegie-Mellon Unlver- 
sity. In designing the architecture, and es- 
pecially the Instruction-set, they simulated 
a wide variety of possiblilties before the 
final design was decided. The resulting ar- 
chitecture is extremely efficient and powerful 
(se@ box, "The 11's Modes"), 


the instruction enough choices for 
An core memory. 





e systematically sought a 
imlating various possible 
computer program, trying out 
ent combinations and structur 








‘The elegance and power of the 


types of Indirect addresping. The 
main registare may be used beth to 


through tables 


information (the usual technique, here 
mode zerc), of to point to locations to be oper- 
ated an (indirect modem 1 through 7). Ti 
provide extremely efficient means for stepping 
FUGH and POP, @lapatch tables, 
and various other programing technique: 
following diagram Is meant far handy re 





Ninicomputers are cramped, and ao tha basic 
Problem in mini architecture Is how to cram into 


getting around 


In designing the POP-11, Gordon Bell and his 





powerful sel- 
structures by 


variety of difter- 


solution are 


Little short of breathtaking. Basically the PDP- 
11, the final dasign, provides seven different 


computer's 


operate on 
ied 











Basically it is a 16-bit machine, with 
nost instructions operating on 8-bit data as 
well. 





There are eight main registers. Two, 
though, function specially: the program coun- 
ter (that part of the program follover that 
holds the number of the next instruction), and 
the hardware stack pointer, both follow the 
programming rulos as the main registers-- 
an unusual technique. Thus a jump in the pro- 
gram is simply a "move" Instruction, in which 
the next program address is "moved" into main 
register ¢7, the program counter, 

















In addition, ell external devices seem to 
the program to be stored in core memory. That 
Is, the interface reglsters of accessories 
have “addresses” numerically similar to core 
locations-- so the program just "moves" data 
with MOVE instructions, to doorways in core. 
(this Is facilivated by the automatic handling 
of previously bothersome stuff, like Ready, 
Wale and Done bits.) 











Physically all devices are simply attached 
to a great sash of wires called a Unibus, (See 
Grand Bus box.) 
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PDP-11 lookalikes are 
sold by Cal Data. Other firas 
have been scared off by DEC's 
nt, but Cal Data say they 
ave m@ patent too. 

















* SRN 


There are 4 lot of strange computers being 
deaigned— it's a traditional occupation of 
electronics professors end a great way to soak 
the Defense Department— but this one ie com- 
mercially available. Wow if ve just knew what 
to do. with it. 


We Exeifrne Hess birdie 
‘Sth 





yt available 





Goodyesr's STARAM is the f. 
compater with a Content-Addr le Hemory, 
which is actually very hot staff. Instead of 
having to search for a particaler item of infor- 
mation in core, or having to make liste of where 
im core thinge are being put, or cresting linked 
@ata structures (see p. 2%), the program can 
simply ask all items of data having particular 
properties to step form 
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It works like thi 
bit word to play with 
ferent parts or Ide! 
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The Illiac IV is the biggest and most 
extraordinary computer in the world, knock 
wood. To most computer people it's as big as 
anything they want to think abour. 


The Illiac 4 consists of sixty-four big- 
gish computers, all going at once under the 
Supervision of yet another big computer, typ- 
ically all working on a single problem. It 
is the brainchild of Daniel Slotnick, who 
worked on the theory of array computers and 
pressed for its creation for years; eventually 
built by Burroughs, it sits at an airbase but 
is available to outside users through the 
ARPA network, 








In principle the dea is this: certaln 
classes of problems, especially those involv- 
ing very large arrays and matrices, can be 
Tun only rather slowly on ordinary computers. 
If, however, a computer is bullt which Itself 
is'an array, certain operations can take place 
very much (aster because they happen in paral- 
lel units simultaneously. Matrices, partic- 
ular formal Kinds of array, are used in a 
great variety of mathematical-type applications. 
For instance, weather prediction. It seems 
that the theory of weather prediction has been 
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An interesting but little-known computer 
was the Ambilog, made by Adage, Inc. of Bos- 
ton, a most innovative machine first marketed 
in the mid-sixties. 


The Ambilog is a hybrid computer, 

both digital ani analop Tass re Analog Comp 
ters, p. JL) , it was mentioned that "analog 
computers” are any electrical circuits set up, 
to produce a result according to some formula). 
For certain types of repetitive, functions, 
analog aakes a lot of sense. Thus the Adage 
people put this @achine together for highly 
efficient hybrid computing. 








The essential idea was to have a highly 
ventilated machine that could take in and put 
out measurable electric signals at high rates. 
What they created was a rather straightCorward 
digital computer with a lot of registers and 
converters to send analog information out 
bring it back in. This meant that problems 
suited to repetitive electrical twisting and 
measurement could gush out through special 
analog circuits, and the “answers” or doctored 
signals could gush back in. 








The instruction-set was designed for this 
high-speed management of input and autput. 


The principal applications this equipment 
has been used for are three-dimensional dis- 
play (see Adage Display, p.43°) and Fourier 
analysis for sound and other applications (see 


Pp. defa e-owIL) 


———— SS well worked out for decades, but because the VU 
for recom . e~- swirly behavior of the atmosphere is so intri- 
bi Me Od sara cate, actually calculating out everything in- 


delinge 

With « single cammand, the program eay ack 
all worda in memory to clear a particular Field, 
or aet a particular bit. Then with another com- 
mand it can tell all memory locations with par- 
tleular identifiers to add # certain quaber to 
their data, and this occurs im a couple of micro- 
seconds, Or it can direct sl] aemory locations 
heaving particular identifiera to multiply one 
section of their data by ancther-- which tak 
rather longer. 








‘This is on entirely different kind of pro- 
qraming, and considering how much thought coa- 
puter people have given to doing things one at = 
time, it kied of sete you back a little. The 
brochure lists these possible applicationst 
"ballistic missile defense," “intelligence data 
processing,* “electronic 
command and control," 
applicationa like we 
gumcnt, transportation reservations, air traffic 
control, Truth la, most computer people would 
have to scratch their beads quite a while to fig- 
ure out how to start using this fascinating 
chine for any of these things; the reason the 
ailitary epplications sces to be so many le sia- 
ply that the military computer types have been 
scratching their heada longer. We might a= 
well stert too, and find some of the nicer things 
to do for humanity with it. 





















Bibliography: Jack A. Rudolph, "A Production 
‘Teplemantation of an Associative Array Pro- 
ceazor—~ STARAN," Proc. PJCC 72, 229-241. 

Contact: Computer Diviaion Marketing, Goodyear 
Aerospace Corp. Akron, 0. 44315. 











volves billions of operations, At one confer- 
ence session I believe it was explained that 
it used to take twenty-five hours to predict 
the weather twenty-four hours in advance, whi 
which means you get the answer an hour after 
it's happened already; now it is possible, 
using 1lliac 1¥, to do the whole planet's ‘wea- 
ther in an hour and a half, said the speaker. 








Some say that may be its only use and 
the whole project was inadequately thought 
out. Others Suspect it's really intended as 
a radar-watcher for the ABM systen. 


Anyway, there it is. And the individual 
briefcase-sized Burroughs machines, if they're 
ever marketed, may provide a new price break- 
through for small highpower systens. 


fe 
Incidentally, “Illiac’ is the traditional 


name for computers built at the University of 
Illinois. Will the series end with this one? 
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Now that integrated circuite are getting 
cheap, the distinctlon between registers (where 
things happea to information) and mcsory (where 
nething happens to Informstion) can be recon- 
sidered. Storing information in cells that can 
themselves perform actions, or having nuserous 
subsystems in vhich computation takes place 
leada to a fascinating variety of possible ar- 
chitectures. @ are generically called 
"cellular" computers; thia is slightly lropic 
considering that the living cell Itself is now 
known to ve at least # digital mosory, and prob- 
ably sore (ace p. (0 ). 























Examples of cellular computers mrs or lous 
include STARAN, ILLIAC IV and the author's own 
hypothetical FANTASMt™ pP'S8). But thie 
typ* of architesturc has barely bagun. 
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HERE THEY COME — fhe 


MICRORROCESSONS | 


Cohrurers INSIDE COMPUTERS 


“pig fleas have Lite 
And wo forth, ad infinitum.” 





Microprocessors are what's happening. 


Computers cost several thousand bucks on up. 
Microprocessors cost several hundred on up, end 
thet price range is falling fast. 


Some aicroprocessors are already on Integra- 
ted circuits d electronic 
tangles that aked, rather 
than wired up s tively 
price of microprocessors. 
jeans that in a few years 
in your refriger- 
tor, your typewriter, your lawnmower, your 
and possibly your wallet, (If you don't believe 
this, look what happened to pocket calculators in 
the last couple of years. The chip those are 
bullt around costs five bucks, But next come the 
programmable chips, the microprocessors.) 

















Microprocessors should not be called smicro- 

HH “i that scems to have captivated 
y. "“Microcompute 
Tr; but there is an exact end 











§ er its size). 


A microprocessor is a two-level computer. 





You will remember from the “Rock Bott 
tection (pp. 32-3) that every computer 
internal language of binary patterns or 
language" (Lllustrated In horrendous detail in 
the program called “Bucky's Wristwatch," pp.33-4). 


Loe md 



















croprocessor has two levels. [t 


vel program follower with its own 
Binary prograay but each Instruction of this 
upper-level program is in turn carried out by a 
at a lover 








er follower tunning a prog 
level-- called » aicroprogram. 


vere eye (Su) 


(stow) 





This has some extraordinary ramifications. 


First of all, it means that the upper-level 
binary language can be anything you want-- that is, 





any feasible computer language-- because each of 
its instruction’, in turn, will be carried out by 
program. 





This means, for instance 
be created which may be progr: 
higher-level language, such PL (note Canadian 

chine describ mp. 2%) or BASIC (note one of 
t-Packard machines described on p. 17, 4a 
ters in the upper-level program (AP: 
Stepped through’ by level prog 
follower, cause the lower-level prog follower to 
carry out the operations of the language. 






















Second, the aachine costs less to make than an 
ordinary comput The reason is that the archi- 
tecture of ordinary computers is designed now (at 
last) for programmer convenience. Thus a machine 
ike che PBPSETs uTcheis-peimetple Joes nothing 
any other computer doesn't do, Is still more desir- 
able than post, because its instructions are so 
well designed.’ It is clear and sensible to the pro- 
Grammer, with the result that programming it takes 
less time and costs less money. 





Microprocessors reverse thls trend. 
level structure of re rs and instructions can be 
anything that is conv t to manufacture, whether 
or not programmers like lt. Low manufacturing cost 
Is one of the main design criteria. 


The lower- 











The purpose of micropro 
generally to be hidden in other equip: 
some simple thing over and over 
programs cl 'd round all the t 
Rary computer. 





ou see, is 
nt and do 

to ha their 
as on an ordi- 











are excoptions, computers which have 
down where you can put microprograms; 
called, sensibly enough, microprogram- 
omputers. They are bought and Poa a0 Ime wr 
computer accessories, plus facilities to 
change the microprograms, Thus they cost a lot more; 
but oh, they do so much more for you. You can design 
your own computer-- i.e., its instruction-set-- and 


. 
then crear: 1, with 4 microprogram. ‘See the Stan- 
dard Computer and the wetecs” nearby.) © ‘ 










HARDWARE. 


equipment Itsalf. 


SOFTWARE : 


computer programs 


FIRMWARE : 


undarprograms for 
microprocessors. (Also 
called Microprograms. 
Should be called Underware.) 


A microprocessor simply means 
4. cCumputer which has, 
undar the binary languagy 
you wal & use, 

qzother binary lmguage 


that's chasper to wire up. 





TWO LEVELS, TWO SPEEDS 


The trick that makes this all work-- whether 
for the hidden-away ¢; or the computer type of 
microprocessor-- is that the lower level has a auch 
faster memory then the upper level. This neans 
that an upper-level word can be taken, and looked 
up in the lower level, 11 the lower-level 
carrled out, very fast compared to the upper-leve. 
memory. Many such machines, for instance, have 
lower-level speods in the nanoseconds (billionths 
of a second), while the upper: TeveT Speeds are mere- 
ly in the microseconds (millionths of a second). 

















A last point. One of the most important char- 
acteristics of an ordinary computer is its word 
length, that is, the number of binary positions in 
a usual chunk of its Informetion. 


TDP-8 Mons (ie Wits, see pve) 





But since microprocessors have two separate levels, 
they often have two separate word lengths as well: 
the upper-level and the lower-level. 











Wh we 

fe ie eee. ba 
i speed. bil 

rade; « z 
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Microprocessors are usually sold in quantity, 

to people who are building super-cash-registers or 
chines or the like. So their acnories 
y sizes and speeds, to be tailored to 
ion. You should know the differences 





come In 






ROM-+ Read-Only Memory. Contents can‘t he 
changed, costs less than changeable (at 
any given speed). 

AAM-- Rapid-Access Memory. Also called 
read-write menory. Sana as core nenory: 
Wey Rave Its contents changed. NOTE: if 
you Simulate some computer vith a micro- 
progran, its simulated “registers” are 
usually locations in the lower-level RAM. 

RMM-- Read-Mostly Memory. You can cet our its 
contents fast, hut change then only very 
slowly. 








(The lower-level memory is sometimes called 
“program memory” and the upper-level nenory is often 
called “data memory, but this is a confusion result- 
Ing from certain typical applications of the devices, 
her than their inherent nature. You can have 
Programs at both levels.) 











BIBLIOGRAPILY 


Raymond M. Ifolt and Manuel R. Lemas, “Current 
Microcomputer Architecture.” Computer 
Design, Feb 74, 65-73. 


Sunmarizes nine teeny machines now 
on the market (some 1-level). Good bib- 
liography also. 





Some miceopersrammagic ComPuTERs,*® 











Standard Computer 18 bits 36 bits Big & Expensive. 
Meta 4 16 bits 16 bits Up to 32 hard- 
90 or 3S nsec 900 nsec ware registers. 
Burroughs 1700 16 bits 24 bits Comes with 
60 nsec 666 nsec holding ve 
em ators. 
Lockheed SUE 36 bits 16 bits 
Mewlett-Packard 2100 bs 16 bits 
-- but there's 
space for yours. 
as well. 7 . 
Hicrodata 3200 32 bits 16 bits $8000 up ($10,000 
135 nsec for nodel 32/S, 
stack-oriented) . 
Varian 73 64 bits 16 bits $1$,000 to $100,000 
165 nsec 660 nsec 


(heavy upgrade of 
Varian 620). 


(190 read-write) 
1BM 360 model 25 2 16? 
64 bits 


Prime 200 16 bits 
160 nsec 750 nsec 

Interdata 65 32 bits 16 bits $23,000 
160 nsec 320 nsec 


Some MiceoPRocesrogs Te Be Orr ro THNNGS.F 
(ro dar cores, BR, bor debegying ) 











Intel MCS-8 6 to 24 bits & bits Stack-orlented (now 
900 nsec 12.5 usec Faster model). 
Intel MCS-4 @or 16 bits 4 bits Basic chip $60. 
900 nsec 10.8 usec 
SYS 500 (Weird but interesting wide nicroprocessor-- circulates 
among separate activites, rather than branching.) 
Microdata 18 Bree @ bles 
Micro 600 220 nsec 1.1 usec 
Micro 1600 200 nsec l'usec 
(resd-vrite) 
ABS-80 (Auto. Electric 12 bits & bits $950 w/o memory 
‘Systems, Montreal) 240 nsec 240 nsec or 1 usec 
National Semiconductor $1380 stripped 
IMP-16C (@ 1/2 x ll-- odd size for computer, convenlent for notebook.) 
DEC PDP-16M 8 bits 16 bits $2000. (Compatible 
. PDP-11 Unibus. ) 
Atron 60) 16 bits 16 bits 
260 nsec 1 usec 


*(abbrevistions: nsec (nanoseconds, or billionths); 
usec (microseconds, mlllionths; usual weird 
abbreviation.) 





The history books ten years from now, if any, 
will note that the first computer-on: i 
duced by Intel. Intel, an astutely re 
chose to make a microprocessor that would be suited 
to placement in others' machines at low cost. This 
means that if you make a fancy bulldozer or 
oven, and want it to have some form of Intri 
pr «planned behavior, you'll put "the Intel chip" 
nit. 











Actually the Intel chip 1s # nuaber of separate 
chips, which start low in cost-- a fairly cor 
set can be had for under $500-- 
into a full computer. (Indeed, various firms do of- 
fer complete computers built out of Intel chips. In- 
cluding one the size of an Oreo cookic, guaranteed 
for 2S years.) 








The original Intel chips are the MCS-4 and 
MCS-8, viz.: 


Upper level Lower level 





MCS-4 8 or 16 bits 
(900 nanoseconds) 

MCS-8 its & to 24 bits 
(2 (900 nanoseconds) 


S$ 
gicraseconus) 


While these individual chips cost under a hundred 
dollars each, memories and other necessary sections 
cost cxtra. For La ped who want to develop systems 
around these chips, Intel has cannily prepared s num 
ber of setups. If you want to go d-bit, you get the 
“Intellec 4," $2200, which also needs a Teletype. 
This gives you various display lights and debugging 
features. Meanvhlic, you can assemble and sinula 
on simulation programs offered on national tine-shar- 
ing. If you want to go 8-bit, you get the "Intellec 
a8" Cor $2400 (also without Teletype), and benefit ad- 
ditionally From the fact that you can prepare th 
undervare in PL/I, and compile it on national time- 
sharing. 




















Crafty and clever Intel, which has captured auch 
of the overall market already, has now brought out 
auch faster versions of these chips. Rah. 





A computer wittily called the Meta 4 (heh heh) 
is a (airly neat machine made by Digital Scientific 
Corp., 11485 Sorrento Valley Rd., San Diego CA 92121. 


lower memory: 16 bits, 90 nanoseconds (or 35 
nanoseconds, programacd by a card (on 


which you darken the squares.) 


Upper menory: 16 bits, 900 nanoseconds. 





what this is is a very high-power ninicomputer: 
it can be turned into a lookalike for any other 16-bit 
ginicomputer, For instance, they can sell it to you 
with an imitative nicroprogram that turns it effec- 
tively into an TBM 1130, From a marketing point of 
view, this effectively means a firm owning an [BM 1130 
can replace it with a ‘eta 4 which runs the same pro- 
grams, saves money and gives you in addition the bot- 
ton-level features of a far more powerful computer. 
(Such an under-level program that makes one aachine 
effectively imitate anether computer is called an 
enulatos.) This capacity to emulate other computers 
7s the "aetaphor™ alluded to in the machine's name. 





¥e ROH) SUE, 


The Lockheed SUE ("System Vser-Engineered 
Computer") is a very interesting end dealreble 
machine. The central processing unit costs a little 
over etx hundred and forty dollers! (That's without 
memory. power supply or card cage.) It ust 
Grand Bus system of interconnection (aes p.4Z ). 








I's @ microprocessor, The lower-level cycle 
time is $0 nanoseconds, oo 1 cen be programmed to 
imitate any microsecond mint. 


One nice thing Is thet you can put together 
several cpu's and different memories-- core, 

semiconductor and ROM-- selecting with awitches 
which cpus have what priorities In what memorii 
es wall as interrupts. etc, Darn nice: 
considering the upper-level instruction: 








The mlcroprogram it comes with makes the 
Lockheed SUE Into @ sort of copy (2) of the PDP-11, 
Including its eight registers and simller address 
modes (see p. 42). 


‘Was the neme SUB actually Lockheed's 
impudent challenge to DEC? DEC gid sue, bul no 
outcome has been publicized, 


Tae STANDARD COMPUTER 


A nicroprogri le biggie has been avalleble * 
for some tine. It's a 36-bit computer nanufactured 
by Standard Computer Corporation, 1411 W. Olympic 
Bouleverd, Los Angeles, CA 90015. 





This computor. 1s a serious machine, In the 
many-hundred- thousand-dollar class, which can be 
set up to ¢ any other 36-bit machine. It has 
been sold in two versions: one a pure FORTRAN ma- 
chine (that’s right, its upper language is pure 
Fortran!) and a lookalike for the [BM 7094. Lower- 
level word length is 18 bits. 





(An interesting puzzle is why this ourfit has 
i tories. Lin- 






perinental machine called the TX-2 which has been 
used for computer graphics, such as Suther: 3 
SKETCHPAD system (see p. D723) and Baecker's GENE- 
SYS (seo p. 9h 27S ). Now, presumably Lincoln Labs, 
like most other research outfits, is hurting for 
money. Why couldn't they make an arrangement for 
Standerd to sell its machine with a TX-2 emlator, 
thus aeking-avallable such programs as Sketchped 
Qvhich has never been equalled) to a wider public? 








AWWANCED PROGRANS 


Ia the early throes of computer enthusiasm 
it is easy to suppose that anything can be done 
by computer-- thee is, anyehlag Tnvolving the 
chewing or diddiing of information. This is 
decidedly not 30. 





For Instance, it 1s easy enough, and often 
practical, ¢o have a computer do something a few 
million times. Bot it 1s t never practical 
to have « computer do something « trillion times. 
Why? Well, let's say (for the sake oF sim mpl 
city) that  certaln program loop takes 1/1000 
cf a second, To do it a thousand times, then, 
“would take one second, and to do It @ sillion 
tines would teke « thousand seconds, or about 
seventeen adau' But to do it # tritilon times, 
now, would pean doing lt 17,000,000 minutes, or 
over thirty years. 











Now, you will noes that even if you speed up 
that Loop to 1/1,000,000 of a second, a trillion 
repetitions will take almost twelve days, which 
1s obviously going to need some justifying, even 
assuming that Lt Is otherwise feasible. 





(For problens of this type people begin 
thinking about bul lding special hardware, any- 
way. It will be noted, for instance, that the 
PDP- 16. s¢0 p. J7-- lets you compile your owm 
special equipment for problems thet need eter- 
nal repetitions, 








COMBINATORIAL EXPLOSIONS 
One kind of thing that's too much to do 


Is generally called a combinstorial explosion-- 
that is, « problem thet "explodes" Inte too 
many things to do. For instance, consider the 
io Of chess. Just beca you can write a 
program to look ahead at all the possible 
comes of, sey, ¢ic-tac-toe, that doesn't 
you can consider #11 the possibilities of ch 
To look wt “ell” the possibilities just a few 
moves shead duvolves you in trilllons of 

















calculations. Ronember about trillions? And 
it turns out that there ere « lot of probl. 
like that. 
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‘The problem ie slways to think up 
muvds for doing thinge by computer. 
(Also called algoritiep.) 


Basically what can be done by 
camputar is what can be done on @ 
tabletop with ellpe of paper-- compar- 
Ing, copying, sorting, marking. doing 
arlttwetic-- aod handing slip of paper 
aut to Osare, 


ETHODS FOR DOING THINGS 


‘There are really no clear bounds 
qm “what computers can do.“ 


So the question ahould never be, 
‘Wow would you do that by computer?” 
c= but "Can you thiok of a 
for accomplishiog that?* The ~camputar™ 
te really irrelevant, for it has no 
nature and merely twiddles information 


eo 


-Thon there 1s the problem of “Turing Im- 
possiblilty." Turing wos @ mathematician who 
discovered that some thin. 
quentially In a finite amount of t 
some things c . Such Pp 
types of mat! ‘ical theorem. In other words, 
anything that has to do things in sequenc 
whether @ computer or a aind of God, if any-- 
cannot pee know any ching which is not 
Pipi campute le. Another lmportant Ilmita- 

on. 




















On a aore practical level, though, there 
are Juse lots of things which nobody has Cigur- 
ed out how to do in any feasible vay, or are 
Just now figuring out different systematic ways 
of doing. (For a favorite such area of mine 
compare the different computer half-tone im 
synthesis systems described on pp. 0M 32 to 
mM F4 .) 


Thus you see thet Sageriog out ways of 
doing stuff is still one oF the PE ne{pal as- 
pects of the computer field. (Whole journals 
are devoted to lt, such as CACM, JACM and 30 on.) 






But then of course, every few years there 
comes a new movement in the field that bodes to 
make us start a1] over, 


One such trend 1s called structured prog- 
ramming, boing promulgated by 2 Dutch rescureh- 
or ened Dijkstra, among others. The ldea of 
structured programming Is to trict computing 
lang tain Ways and “eliminate the 
no longer have jumps to labeled 
rograms. By dividing computer prog- 
rams up only In certain ways, goes this school 
of thought, the programs can perhaps be pro’ 
Workebie, io the wethonatical sense, rather 
than Just demonstrated to work, as they are now-- 
a notorlously error-prone situ: If the 
Dijkstra school ls correct, we may have to 
1 in with & new bunch of prog- 
Tamming languages. 





















These remarks give you the flavor of sor 
restrictions and lines of development. Tha rest 
af this page 1s devoted to The Great Software 
robi: 





or 0S/360, or OS 


Wo have no space here to discuss OS, 
the operating system of the [BM 360 and 370, 
whlch Is just as well: it 1s a notorlously 
heavy-handed elaborated with what 
some vould ca scating messiness. Kinds 
of convenience taken for granted by users of 
such computer systems as the Burroughs S000, 
the PDP-10, DTSS and others aren't thera. 





1 





The programmer has to concern himself 
with intricacies having names like ACONs, 
VCONs, TeBs, 5 and the complications of 
JEL. ‘(While theses other systems may hi 
equivalent complications, the programmer 
need not moss with them to create efficient 
Programs, es the 360 demands.) The pro- 
grammer must even set aside the provious 
programer's Informetion in “SAVE AREAS, 
which Is like a restaurant ost havin, 
on sitting dow: 

1 Severs] of 
néral registers ere con- 
shering requires its on 
+ And so on. 

















to 






the 360's six 
Flscated, Ti 
JCL- type lengu 








IBM says its forthcoming operating sys- 
0S/VS2-2, will be better. 





BIBLIOGRAPHY 


A.L. Scherr, "The Deslgn of IBM OS/VSZ2 Re- 
lease 2." Proc NCC 73, 387-394. 


CRERNING SYomr 
LTME-SHAE! 


Basically, an operating system is a 
Program that supervises all the other pro- 
grams ln a computer. For this reason lt is 
also called a supervisor of # monitor. 
Because the operating system is supposed to 
be in chi any Computers now offer spe- 
¢lal wired-in instructions that only the 

ing systea use. This prevents 
Programs from taking complete control 
of the nachine. 











Operating systens come in all sizes. 
The bigger ones take up 8 lot of computer 
time because they have to do « lot. The 
smallest kind, which are really kind of 
difforent, are Just to help a single pro- 
gtamacr move quickly between his basic 
programs. (A typical such system is DEC's 
DOS, or Disk Operating System, which you 
can get with the PDP-11.) This systen is 
Teally a kind of butler that keeps track of 
where your basic programs are stored on disk 
and brings them in for you quickly. 











A step up is the Batch Monitor, or op- 
erating systen set up for Batch Processing 
(see p.B-s). In batch processing, pro- 
atens go through the computer as if on a 
conveyer belt, one at a tine (or in some 
systems several at a tine). The operating 
system shepherds then. 





Batch processing is used when programs 
don't need any interaction with human users. 
{Or, and this is more common, vhen human 
usets want time-sharing but can't get it; 
see below.) A multiprogramalng operating 
System is one that aflous several different 
prograns (or conveyor-belt sequences of 


atch prograus) to operate at one tine. 
(This 1s how most 18M 360s are used.) 





SYSTEMS PEOPLE 
ara the folks vho bring you the computer. 





quipaent and working rules and achedules 
and software. And change the parte through 
which mischtevous usere crash the syacem, 





Systems people often look like dirty 
rate to us of computer systems. To 
th othe ey often look like harried, 
overworked, unsung heroes, their (ingers 
(and whatever else) in the dike, crying 
to hold back the tide of Disorder. 





Syetems people deserve more thanke 
than they 





Thank you, ayetens people. 


Then there is time-sharing. 


Tine-sharing means the simultaneous use 
of one seaperst by several different users 
at onc tts basically a complex form of 
ul tiprogranming. 








In principle this is like a lazy susan. 
The central computer works on one user's pro- 
gram for a while, then on another's... until 
it is back to the first user. 


There are basically two kinds of tine- 
sharing: tine-sharing where you can only use 
Gertain facilities oF languages, and tine- 
sharing where you can use all the fucillties 
of the computer (including programming in the 
computer's assembly language). 





Examples of restricted time-sharing are 
the various minicomputer systems that arc 
Available which tine-share the BASIC language. 
(Nova and POP-11 and llewlett-Packard, for 
instance.) 





Some examples of unrestricted time- 
sharing are the POP-10 (see p. Yo), Dart- 
mouth's DTSS, Iloneywell's MULTICS, IBM's TSO, 
and General Electric's MARK [II. 


Bigger 1s not necessarily better. For 
instance, there are tinc-shared versions of 
BASIC that run on big 18M computers. llow- 
ever, it may very vell be thet big iBM in- 
stallations can save aoney by eliminating 
this function and buying instead a small 
Hewlett-Packard minlcomputer to run thelr 
BASIC on, thereby supplying BASIC to more 
users at less cost and freeing the 360 for 
whatever it 1s [BM systems Uo better. 








Restricted time-sharing, with only one 
or a few languages offered, is much easler to 
provide for than full time-sharing. 











Full time-sharing is always shared with 
bacch, In other words, the computer, darting 


anong users, still finds some time to devote 
to the batch stream. 


Time-sharing Is self-limiting. That is, 
the more users are signed onto a tine-sharing 
system at a given monent, the more slowly the 
system responds to all of then. 











Operating systems are blg and herd to 
They take » lot of the computer's 
Dartmouth's time-sharing 

king a3 much as 23% of 

is considered efficient. 






ir instanc 
operating syst 
the computer's ¢ 






The Importance of time-sharing is not In 
terms of “raw” efficiency, that is, the cost 
of esch million operstions, but In'terus of 
human efficiency, the ability of each user to 
get so much more out of the computer by using 
freeractive programs and languages. 








OPERATING SYSTEMS TRICKERY 


Swapping means transferring one user's 
rogram out of core memory in order to move 
in somebody else's program. This can happen 
very rapidly, and even when it’s done to you 
turn, your terminal may seem to respond 
as though you are in continuous possession of 
the entire computer 








Paging is one af the Great abstruse 

Problems of modern operating systeas. The 
is this: you've always got fast o- 

6 cheep slow memory. How 
can the operating system store most of your 
program in chesp slow memory and still predict 
which parts you'll need soon enough to get 
them In there for you? In the hotter systems, 
indeed, the operating system tries to predict 
what's most Important and move it toe fast 
little memory cel This ds 
so bh and ci ted T prefer not to 
think about it. "Minis for me," says Mr. 
Natural. 


















Some Taroeriaiy Tae SHneinGe SYSTEMS (ery meomplth) 


Predkin, mccarthy 





















JOSS {one-language) 


4S 


Tine-sharing prices ere @ mix 
of lotsa stuff: 
4. Connect time. This 
you pay by the hour. 
Good prices: $2 (DTSS), 
$1.80. (Monmouth County 
[NJ] Community College 
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Time-Sharing \ Rand Corp., late ¢1ft! Ro beginners 
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computer, later PDP-6) tially the price of 
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Senerazion ores, “ots PDP-10 bills this in 
itra- (Compatible PDP-¢ (Dartmouth Time- kilocore-seconds, i.e., 
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tans 940) (@ 295, later 3. Storage, which costs much. 
CF 635 sev mada Example: 1000 characters 
by Honeywell.) for s month for a buck. 
7 + (Typleal.) That adds up 
rd, ogo Tt fast. You might do better 
Generation’ wwlTics —g Se’s TH5- it with a cassettc memory on 
Tine-Sharing. (HIT & Splet. (Abandoned.) System now may be your terminal, such as the 
: Honeywell.) y (360 model 67) 9 considered f * Ne4.3) « 
Single torquage (ae new wey oN Third Caneration. Techeran (see p. Hof3) 
a, pene: ‘agi Five bucks an hour overall is a 
. 
Section ie pretty good rate. 
pac at bor too widely ened 19) Rote that time-sharing usually 
too widely used, - s hours 
en erat en costs less in non-business hou! 





1en'a “as /vs2-2. 
(Big 18M 3708.) 
Me're walting. 


BIBLIOGRAPHY 


M.V, Wilkes, Time-Sharing Computer Systems, 
Macbonald/inerican flsevier Publishing Co. 


All About Tluesharing Service Companies. 
atapro Research (iCorporate Center, 


Moorestown, NJ 08057), $10. 


DTSS is the Dartmouth Time- Sharing 
Systom, and let it be an example to us all. 


1t was created by Keneny and Kurtz, 
who created the BASIC language to be used 
on it (sce p, {6 ). 


Their computer arrived in Call ‘63. 
Their time-sharing systen went into opera- 
tion in spring ‘64, prograaned nostly bj 
Dartaouth students, Smichas grown ange 
Proved continuously since then. On that 
\._ basis: programmed by students. 





It's great. 


The Dartmouth computer philosophy-- 
ive., the idea carried through by John 
Kemeny and Tom Kurtz--was that a computer 
is like a Library! ies services Should Be 
Thee to att Fae commonly, pat (ore 


through some general fund. 


Students and faculty at Dartnouth 
use it free, (Unless they have grants.) 
You can use it too, if you pay. 


The result: everybody at Jartmouth 
uses the computer. It's always running, 
(ahem) six days a week. There are almose 
two hundred terminals around the campus; 
peak afternoon usage is about a hundreg 
and fifty, Freshmen learn BASIC first 
thing, after which the cooputer is a 
standing facility, to be used in courses 
in music, sociology, literature, history, 
enginecring or whatever; for independent 
research; or just for un and games and 
showing Off to visitors. 


The entire Dartmouth systen is built 
for simplicity and clarity, with explana- 
Lions of all the facilities available at 
terminals. (The command explain JGk caus- 
es the terminal to type out a picture of 
Kemeny.) 


Many fuddy-duddies insist that computer 
e should be bilted, as it is on most 
college campuses. That is essentially the 
Calvinist view. But what if we treated ti- 
braries like that? 1t would probably cost 
$10 just to borrow any book. The point is 
that“itwa believe thet certain conditions 
are a social good, then ve should be (lex- 
ible about how to implement them, (See Arthur 
W, Luehraann and John M. Nevison, "Computer 
Use under a Free-Access Policy, Science, 31 
May 74, 9$7-961. This article continues this 
line of argument and further describes the 
Dartmouth billing system.) 














Anyway, Dartmouth will sell you its time- 
sharing sys for about $7$00 a month (and 
you'll necd a computer setup that begins at 
$17,500 a month). That'll run SO terminals. 
A bigger setup wlll cost more. But that gets 
you Fortran, COBOL, SNOBOL, etc., [4c best 
BASIC In the whole world, games, Cinancial 
systems, and myriad other programs they've 
built at Dartmouth. Furthermore, Mr. Adginis- 
trator, it means the system vill be available 
to users with a minimum of complication and 
bother. 











A number of companies have bought. In- 
cluding the U.S. Naval Acadegy at Annapolis, 
which offers Dartmouth-style computing to 
its midshipnen. 


Connect charge is $2 to $9 an hour 
depending on your terminal 
speed, plus processing charges. 

Contact: DSS, [NC., Hanover Nil 
0378S. (Several commercial 








firms also offer DTSS to users, 
Including Computer Sha 
vice: 





g Ser- 
Inc. Denver; Grumman Data 
3, Woodbury, NY; PolyCom 
3 Ltd., Toronto.) 





pion at the 1974 National 
the 


The most enjoyabl 
Computer Conference vas the Nos 
Dartmouth System, DISS. The Old Hands vere thet 
Guys vho es kids vorked on the original tiua-shering 
system, and have now become grownups of one sort or 
another. 

















An slareing etatenent wae made at chat 
by Jerome B. Wiener, who afd he had been tha 
wuan batween the Dartmouth effort end the computer 
manufacturer (not I84). He eteted that ha had been 
ordared by his company to etop the Dartmouth “expert 
want” any vay he could, or lose hie job in three 
months. Ba did no auch thing, and (he eaid) after 
batng fired continued to help the Dertmouth effort, 
holding veekaod meatings vith from that com 
pany in his home. Ke deserves the Frances 0. Relvey 
we-do-our-real-job anda}. 





-+ but some exceptions charge aore. 


oO 


WHERE TO CET 1T 


No way can we here get into the prose and 
cons (both senses) of the myriad time-sharing 
services that are available. An excellent 
suamary of Fifty-six different time-sharing 
soevlees: (variously using computers by oney- 
well, IBM, DEC, Univac, CDC, Xerox and 
Burroughs} appeared in the February, 1973 
Computer Decisions (“Piecing Out the Tineshar- 
Sng Partie" by John R. ill pp, 24-32) 
This sumnarices infornation available from 
Datapro Research Corp., Moorestown, NJ. The 
article cautions against the potential high 
cost of time-sharing services, and urges you 
to get all the advice you can before comnit- 
ting to a time-sharing service. 


eee: 


MULTICS | 


MULTICS was announced in 1965 as the 
Time-Sharing System of All Time, to be 
created jointly by MIT, General Electric 
and Bell Labs. 








It took a lot longer to get going 
than they expected-- I have a 1966 (?) 
button that says, YOU NEVER OUTGROW YOUR 
NELD FOR MULTICS-- but now it's available 
fron ioncywell, People say it's the 
greatest, a1) right-- its fascinating 
facilities include the ability to execute 
parts of other peopte's programs, if you 
have pernission-- but it's also said to be 
awfully eapensive, 


Interestingly, the MULTICS operating 
systen is largely programmed in the PL/I 
language (sce p. D4). 





Contact: Honeywell Information 
Systens, 200 Smith Street, 
MS O61, Waltham, Mass. 02154, 


THE LOGIN HEARD 


mre MAR OF 


Some tine-sharing systens are local, others 
have “concentrators™ allowing users in other 
cities to log into them with loca) telephone 
calls. 


Perhaps the most far-reaching time-sharing 
system, though, is General Electric's MARK IIT, 
with concentrators in many of the major cities 
of the world (mostly Europe). The nain com- 
puter is in Ohio, but the overall system may be 
thought of as an'octopus around the globe. Be- 
sides hundreds of cities in the USA, The GE 
system offers local access in Australia, Austria, 
Nelgiua, Canada, Denmark, Finland, France, 
Italy, Japan, Netherlands, Norway, Puerto Rico, 
Sweden, Switzerland, United Kingdom and West 
Germany, 


What this basically means is that if a 
company has offices in these places, it can 
do its internal communication through General 
Electric's computer system. 





This presents obvious merits and Jifficul- 
ties, which there is no roon to discuss here, 
The Service is said to be expensive. 


They also offer a toll-free number for 
program consultation. 


Contact: 


General Electric Inforna- 
tion Services 
Business Division, 
401 North Washington SI., 
Rockville, Md. 20850. 





“TSO”, for Time-Shared Operating 
System, is an odd sort of time-sharing they 
have cone up with for the 370. 





It is a sort of interactive batch pro- 
gtanning. That Is, it allows the user at 
terminal to communicate with programs running 
in batch mode, 








Mhlle this is a form of true time-sharing, 
(though its detractors tend to compare it with 
what they call “true” time-sharing, such as 
‘ H on the PDP-10), it has a number of draw- 
jacks. 





For instance, an the madel 1$4, a falr- 
ly large machine (ca, $50,000 a month-- see 
P- 32), TSO normally allows only twenty 
users, 


The bad feature of TSO most often men- 
tioned is its slow response time. That is, 
Tesponse may be sometimes good, gometines 
execrable, 





IBM is urging its fans to belleve that 
its noxt operating system, called 0S/VS2-2, 
«11 de much better. 
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THE HEARTS AND MINDS 
OF CeMPUTER_ PEOPLE 


uter people are a mystery to others, 
who seo them s2 somewhat frightening, somewhat 
ridiculous. Their concerns seem so’ peculiar, 
their hours so bizarre, their language so in- 
comprehensible. 


Computer people may best be thought of 
as anew ethnic group, very auch unto them- 
Selves, Now, lt 1s very hard to characterize 
ethnic groups in words, and certaln to ive 
offense, but Lf I had to choose one wor for 
them it would be elfin. We are like those 
little people down among the mushrooms, skit- 
tering around completely preoccupied with 
unfathomable concerns and seemingly indif- 
ferent to nor: humanity. In the moonlight 
(i.e., pretty late, with snacks around the 
equipment) you may hear our ausic. 





Most importantly, the first rule In deal- 
ing with leprechauns applies ex hypothes! to 
computer peop. when ‘ane pro eee a %9 a you 
a magical favo eep your eyes Fixe: 
ee ee te delivered Or you wilt get una 
you deserve. Programmers’ promises are notor- 
iously unkept. 


But the dippy glories of this world, the 
nd Thinsy, are something else. 
computer freak, if you ask him for a 
rt to print calendars, will write a pro- 
rem that gives you your choice of Eragor.any 
ulian, Old Russian and French Revolutionary, 
jn either small reference printouts or blg 
ones you can write in, 

















Computer people have many ordinary traits 
that show up in extraordinary ways-- loyalty, 
ride, temper, vengefulness and so on. They 
Lice Particular qualities, as well, 6f dogged- 
nass end constrained fantesy thet enable thea 
to produce in their work. (Once at lunch I 
asked a tablefull of programmers what plane 
figures they could get out of one cut through 
a cube. I got about three times as many ans- 
wors.as IT thought there were.) 








Unfortunately there is no room or time 
to go on about all these thi Bibllo- 
graphy-- but In this particular area of fan- 
tasy and emotion [ have observed some interes- 
ting things. 








One common trait of our times-- the tech- 
nique of obscuring oneself-- may be more com 
jon among computer people than others (see 
The Myth of the Machine,” p. 9 , end also 
“Cybercrud," p. § ). Perhaps a certain dis- 
gruntlement with the world of people fuses 
with fascination for (and envy of?) machines, 
Anyway, many of us who have gotten along badly 
with people find here a realm of abstractions 
to Invent and choreograph, privately and with 
continulng control. A strange house for the 
emotions, this. Like Hegel, who became most 
eloquent and ardent when he was lecturing at 
his most theoretical, lt is interesting to be 
among computer freaks boisterously explaining 
the cross-tangled ramifications of some systen 
they have seen or would like to build. 





(A syndrome to ponder. I have seen Lt 
more than once: the technical person who, with 
someone he cares about, cannot stop talking 
about his Ideas for a project. A polgnant 
type of Freudlan displacement.) 








A sad aspect of thls, incidentally, is by 
no means obvious, This is that the same com- 
puter folks who chatter eloquently about sys- 
tems that fascinate them tend to fall dark and 
silent while someone else is expounding his own 
fasclnations. You would expect that the person 
with effulgent technical enthusiasms would 
really click with kindred spirits. In my ex- 
perience this only happens briefly: hostili- 
tles and digagreements boil out of nowhere to 
cut the goed mood. My only conclusion is that 
the same spirit that originally drives us mut- 
tering into the clockwork feels threatened 
when others start monkeying with what has been 
controlled and private fantasy. 





This can be summed up es follows: NOBODY 
WANTS TO HEAR ABOUT ANOTHER GUY'S SYSTEM. 
Here as elsewhere, things fuse to block human 
communication: envy, dislike of belng domina- 
ted, refusal to relate emotionally, and what- 
ever else, Whatever computer people hear 
about, it seems they immediately try to top. 


Which is not to say that computer people 
are mere clockwork lemons or Bettelheimian 
robot-children. But the tendencies are there. 
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Systematic treatment in « related 


t—— or 


‘This case is #0 Classic it's almost a Punch 
ami Judy how. 


One of the oastiest people I have ever met 
wan the bead of security for a big-computer io- 
stallation. Several people agrea with me that 
be delights in telling people they can't do 
specific things on tha computer, merely for tha 
make of restricting them. 


Anyway, at this sama installation there was 
@ programmer, let's call hia A, who disliked ac- 
thorley, and dleliked this director of security. 
Jet's call him 8, with moody passion. 


8 epant much of his time intensely, obsess- 
ively contemplating paseible ways that usera 
wight break Into the eystem, and elaborately 
Froyraming defenses and coutermasures into 
the monitor. How do I koow thie? I know this 
from A, who constantly went through B's waste- 
basket. A etill plans incessantly for the day 
@ will get a big taunting printout. coming un- 
expectedly to him off the machine, that shows 
im al) his eacrate are known. 






















Computer PoTbowl f 


Practice saying them loudly and firmly to 
yourself. Thet way you won't freeze 
when they're pulled on you. 


THAT’S NOT HOW YOU DO IT 
THAT'S NOT HOW YOU USE COMPUTERS 
THAT'S NOT WHAT YOU DO WITH COMPUTERS 
THAT'S NOT HOW IT'S DONE 
THAT'S NOT PRACTICAL 
HOW MUCH DO YOU KNOW ABOUT COMPUTERS? 
WITH YOUR BACKGROUND, 
YOU COULDN'T UNDERSTAND IT 
LET'S CALL IN SOMEONE WHO KNOWS THIS 
APPLICATION (generally a shi?) 
IT ISN'T DONE 
(you know the answer to that one) 
and the one I've been waiting to hear, 
IF GOD HAD INTENDED COMPUTERS TO BE USED 
THAT WAY, HE WOULD HAVE DESIGNED 
THEM DIFFERENTLY. 


Unfortunately there is no room here to 
coach you on how to reply to all these. Be 
assured thet there is always a reply. The 
brute-force brazen com > equally dirty, 
is just to say something like 


DIDN'T YOU SEE THE LAST JOINT PROCEEDINGS? 


or 
OH YEAH? WHAT ABOUT THE x WORK 
USING A y? 





(where x is anyplace on the map on p. 5, 
and y is any current computer, such as a 
PDP-10.) 


a VSN \ 


 ... programmers, in my expertence, 
tend to be palnsteking, logicel. 
Inhibited, cautious, restrained, 
defensive, methodical, and rituallatic.” 


Ken Knowlton, 
"Collaborations with Artisw-- 

A Programmer's Reflections.” 
In Nake & Rosenfeld (eds.). 
Graphic Languages, 
@orth-Holland Pub. Co.), p. 399. 


USEFUL, AND POSSIBLY EMBARRASSING QUESTIONS 





If the Computer Priests start to pick on you. 
here are some helpful phrases thal will give you 
strength. 

Ido not want to give the impression that the 
Guardians of the Machine are always bad guys. 
Nevertheless. sad to relate, they are not always 
good guys. Like everyone out to bolster his position. 
including the plumber and the elecirician, the computer- 
man has learned how casy 11 is to intimidate the layman. 

Now. these people are often right. But if 
you have reason to question the way things are done-- 
whether you're a member of the same corporation. 

4 consumer advocate or whatever-- you are probably 
entitled to straight answers that will help settle the 
matter honestly, without puldowns. Any honest 
man will agree. 

Now, these helpful questions, honestly answered. 
may elicit long mysterious anewers. Be patient 
‘3 said and sit down 
y in this book until you understand 
the answer. Then you can ask more questions, 

1 am not inviting the reader to make trouble 
Oippantly. 1 am suggesting that many people have 
a right to know which has not been exercised, and 
there may be some discomfort at 























HOW DOES IT WORK? 

(This question may have to be backed 
up as follows; "There are no computer systems 
whose workings cannot be clearly described 
tw someone who understands the basics. [ 
INSIST THAT YOU MAKE A SINCERE ATTEMPT 

WHY DO YOU CLAIM IT HAS TO BE THIS WAY? 
(SPEAK MORE SLOWLY, PLEASE.) 
WHAT IS THE DATA STRUCTURE? 
COULD YOU EXPLAIN THAT IN TERMS OF THE DATA 
STRUCTURE? 
WHO DESIGNED THIS DATA STRUCTURE? 
And can I talk to him? 
WHAT IS THE ALGORITHM? 
WHO IS THE PROGRAMMER? 
And can I talk to him? 
WHY DO WE HAVE TO USE A CANNED PROGRAM FOR 
THIS? 
WHY IS THE INPUT LANGUAGE SO COMPLICATED? 
WHY DO WE NEED CARDS? WHY CAN'T PEOPLE TYPE 
IN THEIR OWN INPUT? 
WHY NOT HAVE A SIMPLE-MINDED FRONT END THAT 
LETS USERS CONTROL IT THEMSELVES? 
WHY HAVE FORMS TO FILL OUT? WHY NOT HAVE 
A DIALOGUE FRONT-END ON A MINI? 
WHY CAN'T IT BE ON-LINE? And oa CRT Wewadds re p.L0-*WT 
WHY DOES IT HAVE TO BE THAT BRAND OF COMPUTER? 
WHY NOT GET A SYSTEM WITH LESS OVERHEAD? 
WHY SHOULD ALL COMPUTER OPERATIONS BE CENTRALIZED? 
DON'T THEY GET IN EACH OTHER'S WAY? 
WHY DOES IT ALL HAVE TO BE ON ONE COMPUTER? 
WHY NOT PUT PART OF IT ON A DEDICATED MINI? 
WHY CAN'T WE DO THIS PARTICULAR THING ALL 
ON A MINI? 
WOULDN'T IT COST LESS IF WE GOT A MINICOMPUTER 
FOR THIS TASK? 
WHY CAN'T THIS BE PROGRAMMED IN SOME LANGUAGE 
LIKE BASIC? 
YOU KNOW AND I KNOW THAT COMPUTERS DON'T 
HAVE TO WORK THAT WAY. WHY DO YOU CHOOSE 
TO DO IT THAT WAY? 





If these suggestions seem unnecessarily contentious, 
At is because some of these guys like to pick on people, 
and you may have te be ready. And you may need 
all the support you can get, if, say, you (ake a atand 
lke one of these: 
*If the information is in there, I don't see why 
we can't get it out." 
*You have no right 10 ask questions like this, 
and if the program requires it, change the program.” 





Remember, ILLEGITIMIS NON CARBORUNDUM 
(don't let the bastards grind you down) 





"Por we it alvaye comes down to a pereonal 
challenge: not just to create a program that meets 
the specifications, but to do it im a way that 1 
find aesthetically pleasing.” 


Robert H- Jones Lv, 
a heavy programmer at Chrysler 


PROGRAM NEGOT:ATION 


A very important kind of dlacuspion takes 
place between people who want computer programe, 
but can't write them, and people vho can write 
thes, but don't want to. Or, that Le, who don't 
want to get caught having to do a lot of unneces- 
sary work if it could be done sore simply. 


Program negotiation, then, is where the 
“custamer"— he may actually be the bose: 

“I want a program that will do so-and-so," "and 
the programmer nays, “I'd rather do it thle way.* 





In a series of requests and counter-offers 
the customer explains what he wants and the pro- 
gramer explains why he would rather do it a dif- 
ferent vay. Te cial for both sides to 
Bake themselves completely © Often the cus- 
tomer thinke he wants one thing but would be 
quite satisfied vith another that Le much easler 
to program. Often the programmer can make halp- 
ful suggestions of batter vaya to do Lt that will 
be easler for hin. 














Very bad things can happen if program nego- 
tation 1s net done carefully and honestly enough. 
The programmer can misunderstand and create eome- 
thing that was not wanted. Or the customer can 
carelessly misatate himself and ash for the wrong 
thing. Or woret of all-- the programmer can da- 
\iberately Mishear and do something different 
saying, "There, that's what you wanted,” as he 
hands over something that ien't what was really 
asked for. And the poor customer may even believe 
ie (wee “Cybercrud,” p. 8 ). 

















Program negotiation should be more widely 





ng and fraught with str 
(on beth sides) get a1 kinds of peychoscmatic 
sypptoem (like abdominal pains, tice and chills). 
The (act that people's careers often depend on 

the outcome makes the atmosphere worse, rather 

than fostering the thorough and sympathetic coop- 
eration vhich is eseentia: 








If there 1s one thing that laymen in business 
ahould be taught about computing, this te it. 








“| CANT BEAR HEAT.” REMARKED LANCWIDERE 


THE MEETING OF THE MINDS 


The Customer, 





Naive Advocate The “Expert” 
or Chump 
I don't see why What you've gotta 


ince it's a computer... understand ig that there 
‘These are not details = are problems involved... 


that concern me... Tt can't be that 
These are just way... 
technical Leave it to ee, It'll 





1 
can do all the 
can't it? 





computer be just what you vant... 
things, 





Comuppance: the customer Will get what he deserves. 
Moral: if you want something, you'd batter datn vel) 
negotiate Lt at the detailed level. 


NEA) 


The etrenge language of computer people makes 
more sense than laymen necessarily realize. 
IW’o « genorelized analytical way of looking 
at time, spsce and activity. Consider the 
following. 








“THERE 18 INSIGNIFICANT BUFFER SPACE IN 
THE FRONT HALL.” (Buffer: placa to put 
something temporarily .) 


"BEFORE ] ACKNOWLEDGE YOUR INTERRUPT, LET 
ME TAKE THIS PROCESS TO TERMINATION ." 


"COORING 1S AN ART OF INTERLEAVING 
TIME-BOUND OPERATIONS." (1.¢., doing 
parte of separate jobs In the right order 
with an eye on the clock.) 


THOSE ADORABLE 
INFURIATING 


RESISTORS. 


Their name makes people think thcy're a war protest group, 
but actually the R.E.S.1.S.T,0.R.S. of Princeton, N.J. are o 
bunch of kids who play with computers. They're all young; members 
are purged when they finish high school. Their clubroom is at 
Princeton University, but the Initiative le strictly theirs. 








The name stands for "Radically Emphatic Students Interested 

in Science, Technology and Othar Research Subjects.” Computers 
"0 Not all they do--they've also gotten into slot racing and (he 

game of Diplomacy~- but compulera are what they're known for. 
The Realators (let's epell It the shor! way) exhibli regularly at 
the computer conferences, and have startled numerous people 
with the high quallty of their work. They've been invited to various 
conferences abrosd. They have built varloua language processors 
end done graphics; lately thelr fad ls working with the LDS-1 
In Princeton's Chemistry Deparument. 








Stave 
at the old 
etraight 4. 


oredy 


Where do they learn It all? They teach each other, of course. 
Newcomers hang around. learn computer (alk, work on projects. 


end tease each other, They also use the Informal trade channels, 
eubseribing to magazines and filling out Information request 
cards under such company names as Plebney International Signal 
Division and Excalibur Wex Fruit. 








The great thing about thesa Kida Is their zany Mippancy . 
They've never alled, they've never been afruld for their Jobs, 

and 80 they combine the zest of the young wlth their expertise. 
Their forms of expreasion are as starulng to professionals as 

they are to outelders: don'| aay anything ponderously If It can 

be sald playfully, Don't say “bit field” if you can eay “funny 
blw;" don't aay "alphanumeric buffer" If you can say “quick brown 
















fom bo! 








don’t aay "interrupt signal” if you can call ila "Hey 
don't say "readdreesing logic” If you can say "whoopee 


What's a 

group lke you 
doing at a 
Joint Like this? 


GUIDEUNES FOR 
WRITERS AND SPOKESMEN 


The public is thoroughly confused ebout 
computers, and the press and publicists are 
scarcely free from blame, IT'S TIME FOR EX- 
PLANATIONS. People want to know what computer 
systems really do-- no more of this “latest 
space-age technology" garbage. Mr. Business 
msn, Hr. Writer 
telling it st 





n enough to start 





The computer priesthood, unfortunately, 
often wants to awe people with, or unduly 
stress, the notion of the computer being in- 
volved in a particular thing at all. It Ls 
time for everybody to stop being impressed by 
this and get on with things. Don't just copy- 
what they give you. Nose eround and 
ly find out, then write it loud and clear. 








These simple rules are my suggestions for 
bringing on more intelligent descriptions 
that will help enlighten the public by osmosis. 





1. __ FIND OUT AND DESCRIBE THE FUNDAMEN- 
TAL APPROACH AND PHILOSOPHY OF THE PROGRAM. 
This can inverlably bo stated in three clear 
English sentences or less, but not necessarily 
by the person who created it. THIS IS WHAT 
WRITERS ARE FOR: It is your duty to probe un- 
til the matter has become clear. 











“This chass-playing program evaluates 
ossible moves in terms of various criteria 
‘ot partial success, and makes the move which 

highest merit according to th 






usic Composing program opera 
in @ soml-random basis, screening possible 
jotes for various kinds of attractiveness..." 





"This archaeological cataloguing system 
keeps track of a variety of objective feetures 
of each artifact, plus information on where 
including linkages indicating what 
tifects were near it,” 








What or whose computer is used to do a 
thing is of almost no concern (unless it Ls 
one of unusual design, of which there are com- 
paratively few). Not the make of the compu- 
ter, but the GENERAL IDEA OF HOW THE PROGRAM 
OPERATES, is the most important thing. 


Of course, if you are being paid by a 
ufacturer, you'll have to name the 
equip. it over and over; but recognize that 
your real duty ils public understanding, and 
put the Facts across. (If you think it can't 
be done, read the splendid Kodak ads in the 
Scientific American.) 





2. Keap gee-whizzing restricted to the 
description of a system's psychological effect 
on real people. (What impresses you may turn 
out to be old hat.) 


3. Look for angles special to what you're 
Is is likely to 


reporting. Pursuing det 
bring up better story p: 
terest. Instead of sayin; 
have done somethin, 
more sncoresting for your lea 
unlikely team of a blophysicist 
art student..." or-- finding whet's speclal-- 
"Never before has this been done on @ computer 
so small, the size of a portable typewriter 
(and having only some 4000 words of menory). 



















Yow hare's my plen... 


A coven of R.E.S.1.$.T.0.R.S. 
in executive secoton, 
Atlantie City 


They have varied backgrounds. The father of one is a butcher, 


the father of another is one of the country's foremost intellectuals. 
Qione of that matiers to the kids.) I have dined in a number ot 
their homes, and find this In common: their parents show them 
great respect, love and trust. Indeed, Resistor parents huve 
expressed some surprise (o learn that their children's work iv 

at the full-fledged professional level. The Important thing, to 
the parents. ia that the kids are working on constructing things 
they enjoy. 








RLE.S.L.S.T.O.RS. 
after infamous 
Omega ceremony. 


The trude press is umbivalent toward the Resistors. On 
the one hand they make good copy. (At onc Spring Joint they 
had the only working tlme-sharing demo-- on a curpet next to 
a phone booth.) On the other, they nometimes xcem brutly and 
publicily-hungry, like mony celebrities. (AL another Spring 
Joint they dug up an IBM Songbook und serenuded the quys ul 
Uhe 18M pavilion, who hud to act nice ubvut it.) So they don't 
got written up In computer magazines so much anymore, 








I first met the Resistors in 1970, and started hanging around 
with them for two reasons, First, they are perfectly delightful: 
enthusinstic In the way that most adulta forego. ond very witty. 
To them computer tlk was nol u thing aport, wy it iy fur both out- 
elders and mony professionals. 








Secondly. and thie wos the sclf-secking aspect. 1 noted 

thot these kids were quite expert, and interested in giving me 
advice where computer professionals would nol 'y got interested 
in helping me with my (perhaps quixotic) Xunadul™ project (sce 

filp side). This was cnough to keep me visiting for a couple of 
years, Now, some people arc loo proud to ask children (or informa- 
Uon. This ls dumb. Information is where you Cind it, 












The last I heard. the Resistors were at work in a COBOL 
complier for the POP-11, hoping it would save the local high schoo! 
from the disastrous (to them) purchase of an 1UM 1130. (Since 

the school's intent was to teach business programming. they hoped 
that the availability of COUOL would cneourage the xchool to buy 
the more powerful and less expensive PDP-11.) 








re few, bul | think they urc very importont 
an cristence proof. They show how silly and artificial 
Is our edifice of pedagogy , with ail its sequences and sterilizations. 
and how onybody cun lcurn unything in the right atmosphere. 
stripped of its pomposities. The Resistors ure nol obsessed with 











ing is what computers arc for. 


4. Attempt to Cind out how else computers 
are used in the particular area, and mention 
these to help orient the reader. 





inst the exclusivist tenden- 
we want to ballyhoo 
tter of conscience, an 


This goes a 





important one. 


S. Questions to ask: 


What are the premises of your pro- 
gran? 


What if people turn out to need 
something ¢lse? 


What could go wrong? 
And most Lmportant: Whet is that? 
IMPORTANT DISTINCTIONS 
It is only by clarifying distinctions 


that people are ever going to get anything 
straight. 





6. Do not say “the compute 
mean “the system" or “the program, 


when you 


Don't say “a malfunctioning computer" 
e error) if the computer functioned 
as it was directed on an incorrect progr: 
(software (And remember ¢ 

ke mistakes, so that a 
catastrophic bug in a system is no sign that 
it was prog: d by an incompetent, only 
that it isn't finished.) 












8. (A particular point about graphics, 
See flip side.) Don't say "TV screen” if a 
computer screen Is not TV, i.e., $25 hori- 
zontal lines thet you can see on the screen 
if you look for them. (See p. 36 versus p. 
nd +) HOW ABOUT: "visual display screen"? 
+ yOu can add, which the computer can 
draw soving lines,” or whatever else the 
particular system does. 











9. Don't assume that your audience is 
computer-illitera 





10. Don't assume that it can't all be 
said simply. Only lazy or hard-pressed writers 
are unclear. 


12, Do not use cutesy-talk, particular 
that which suggests that computers have an in- 
trinsic character. By “cutesy” I mean sen- 
tences like “Scientists have recently taught 

computer to play chess," Mis-Leads lik 
“What does a computer sound like?" (when tealk- 
ing about music constructed by a particular 
program in a particular way), and ave-struck 
descriptions like, “At last the Space Age has 
come to the real estate business... 





















12. Do not use the garbage term “compu- 
terized," unless there is a-clear statement 

of where the computer is in the system, what 
the computer is doing and how. A "computer- 
ized traffic system,” for instance, could be 
any damn thing, but a “system of traffic lights 
under computer control, using various timing 
techniques still under development," says 
something. 








13. Don't put in clichés as fact, for 
example by the use gf such terms as “mathe- 
tical" or “computer scientist” unless th 
really apply. Do not imply any mathematical 
character unless you know the system possesses 
it: many programs contain no operations that 
can Fairly be called mathematical. Similerly, 
a “computer scientist" is someone widely or 











KCHISTORS. heeedeles - 


Lauren. 14. wes lalking to another girl ot ne ACM 70 con- 
ference. A passerby heard her explaining the differences umong 
Ihe languages BASIC, FORTRAN, COBOL and TRAC. "How long 
have you been progremming?" he asked in surprise. "Oh. almoat 
a month.” she said. 


I was driving eome Resistors around Prinecton; they were 
yelling contradictory driving instructions. "I demand triple re- 
dundancy in the directions,” I said. "Right up oheud you turn 
right right away ,” said 9 spokesman. 


a 











tripte 
redundancy 





Since there wos a lot of excess capacity. the Resistors got 
a frce account on a national time-sharing system. Though they 
didn't have to pay, the system kept them informed on what they 
would have owed. Ina year or so they run up funny-moncy bills 
of several hundred thousand dollars. 








Did they rate free subscriptions to computer maguzines? 
Lasked, Could they claim they really "make decisions affecting 
tho purchase of computers"? 

"Of course we do!” was the reply. "All together: shall 
we buy a computer?” 

Resistors (in unison) "NO!" 


Their original advisor, whom we hall call Gaston, is mle- 
chievous in his own right. Iwas mecting-lime at Gaston's plece 

on a bright Saturday, and | was on the fawn working on Xanadu 

with Nat and Elliott when Gaston interrupted to say that an unwelcome 
salesman of burg lar alarms was about to arrive, "Let's have 

a litte fun with him,” said Gaston. The kids were to be intraduced 
ae Gaston's children, | was an uncle. We took our stations. 








‘The salesman may have realized he was walking into a trap 
from all the strangely beaming udolescents that stood in the living 
room. fle gol out his warcs and started to demonstrate the burglar 
alorm, but it didn’t go right. Peter, standing in front of the equip- 
ment with a demonically vacuous grin. hud reversed a diode behind 
his back so that the alurm rong continuously unless you broke 
the light beum. 


"Ilumpf," sald Geston, "you want to ace a real security 
system?" We trooped Into the kilchen, where Gasion- kept 4 Teletype 
running. 


heir love of computers is purl of their love of everything. 


ANY NEWS? typed Gaston, 


CREAM YELLOW NUICK PULLED INTO DRIVEWAY , replied 
the Teletype. JERSEY LICENSE PLATE (ond the salesman's 
license number), und finally, OWNER OF RECORD NOT KNOWN. 
John was typing this from the other Telctype in the barn. 





The salesman stared at the Teletype. Ie looked around 
al our cherubic smiling faces. Me looked ut the Telelype. "That's 
all right,” suid the auleyman. “But now I'd like to show you a 
real security system. . ." And it was buck to the old burglar 
alarm. 





deeply versed in computers or software, not 
just a programmer, (Anyway, if something has 
been programmed by an entomologist, it is 
probably more interesting to refer to him as 

an entomologist than as a “computer scientist.") 


14. Do not refer to apparent intelligence 
ef the computer (unless that is an intended 
feature of the program, Credit rather the in- 
genuity of the system"s creator. Do not say 
“the clever compute! If anybody is clever 
it is the programmer or program designer, and 
if you think so, say so. These guys don't get 
the recognition they deserve. 





1S. Never, never say "teach the computer" 
as an elliptical way of saying "write computer 
programs." Programming means creating exact 
and specific plans that can be automatically 
followed by the equipment. To say “teach” when 
you mean “program” is like “persuading” @ car 

i of driving it, or making a toilet “cry” 
of Flushing it. 








(There are systems, described on the flip 
side, which simulate intelligent processes and 
aay thus be said to “learn” or “be taught.” 
But neither programming nor simulated learning 
should be described in a sllpshod fashion that 
suggests the computer is some sort of trainable 
baby, puppy or demon.) 





16. Do not Lwply that something Is "the 
last word," unless you have checked that it is. 


BIBLIOGRAPHY 
Ernest Gowers, Plain Words. 


This wonderful little book showed 
English civil Servants “bureaucratic 
writing” was totally unnecessary. Its 
precepts-- mainly concerned with calling 
® spade a spade (see p. {2 )-- transpose 
exactly to the computer world. 
































"You Blew It, 
Kian—— 


bad news for 
atudant, 
Programere 
in their 
wisucceseful 
printoute. 





U. Minis 
at Urbana. 
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ComPuTeR_ 


FN xNISCHIEP 


All kinds af dumb Jokes and cartoons circulate among 
the public about ermputers. Then our Iriends regale us 
camputerfolk with these Jokes and cartoons, end because 
we don't laugh they say we have no sense of humor. 


Oh we do, we do. But what we laugh at le rather 
more complicated, end relates to what we think of as the 
rea) structure of things. 


Some af the beet humor in the field ls run in Datamation; 
an anthology called Faith, Hope and Parity reran a lot of 
thelr best pleces from the early sixties. Clasaic was the 
Kludge series, « romp describing varioue activities and 
products af the Kiudge Komputer Korporation, whose folbles 
distlied many of the more idiotic thinge that have been 
done in the Neld. ("Kludge," pronounced "klooj," is a 
computerman's term for a ridiculous machine.) Datamation's 
humorous tradition has continued in a ponderous but extremely 
funny eerial that ran in '72 called Also Sprach von Neumann, 
which in melliMuous and elliptical euphemlame described 
the euthor’s adventur: the “alrahip foundry” and other 
confused companies that had him doing one preposterous 
thing with computers after another. 





ComPruTer PRANKS 


Pranks are an important branch of humor In the field. 
Here are some that will give you a sense of it. 





ZAP THE 94 


One of the meaner pranks was a program that ran 
orr the old 7084, It could fit on one card (In binary). and 
put the computer In an inescapable loop. Unfortunately 
the usual "STOP” button was disabled by this program, 

60 to stop the program one would eventually have to pul) 
the blg emergency bufton. This burnt out all the main 
registers. 


TIMES SQUARE LIGHTS 


One of the weirder programs waa the operalor-waker- 
upper somebody wrole for the 7094. It was a big program, 
and what It did was DISPLAY ALPHABETICAL MESSAGES 
ON THE CONSOLE LIGHTS, aliding pasi like the newe in 
Times Square. You put in this program and followed it 
with the message; the computer's console board would Nght 
up and the news would go by. Since the Lights uaually 
blink In uninteresting patterns. thie wae very startling. 


This program was exiremely complex. Since the 
94 dlaplayed the contents of all main registers and trap, 
arithmetic and overflow lights, it was necessary to do very 
weird things In the program to turn these lighte on and 
off al the right times. 


THE TIME-WASTER 


In one company, for eome resson, it was arranged 
thal large and long-running programs had priority over 
short quick ones. Very well: someone wrote a counterattack 
program occuping several boxes of punch cards, to which 
you added the short program you really wanted run, and 
@ card specifying how long you wanted the first part of 
the program to grind before your real one actually sterted. 


Thie would blink lights and spin tepee Impreselvely 
and lengthen the run of your program to whatever’ you wanted. 


BOMBING THE TIME-SHARE 


One of the classic bad-bay pranks is to bomb time- 
sharing systeme-- that Is, foul them up and bring them to 
a halt. Many programmera have done this; one has told 
me it'a a wonderful way to get rid of your aggressions. 


Of course, It can damage other people's work (especially 
if disks are bombed); and it always gets the system program- 
mers hopping mad, because it means you've defied thelr 
authority and maybe found a hole they don't know about. 

Here are a couple of examovies. 


1, THE PHANTOM STRIKES 


The way this story Is told, one of the time-sharing 
systeme at MIT would go down at completely mysterious 
times, with all of core and disk belng wiped oul, and 
the lineprinter printing out THE PHANTOM STRIKES. 


For a long time the guilty program could not be 
found. Finally it was discovered that the bomb was 
hidden In an old and venerable statistics program 
previously believed to be completely rellable. ‘The 
reason the phantom didn't always strike was that the 
Bomb part queried the system clock and made a pseudo- 
random decision whether to bomb the system depending 
on the Instantaneous setting of the clock. This ls why 
It took 80 long to discover; the program usually bided 
ils time and behaved properly. 


Apparently this was the revenge of a disgruntled 
programmer, long since departed. Not only that, but 
his revenge was thorough: the Bomb part of the program 
was totally knitted into the rest of it, it was a very 
important program that had to be run a lot with different 
data, and no documentation existed, making it for 
practical purposes impossible to change. 


The final solution, so the story goes, wae this: 
whenever the rowdy program had to be run, the rest 
of the machine was cleared or put on protect, so il ran 
and had ite fits in majestic solitude. 


2. RHBOMB 


The time-ahare at the Labs, never mind which 
Labs, kept going down. Mischief was suspected. Mls- 
chief was verified: « program called RHBOMB, sub- 
milted by @ certain programmer with the initials R.H.. 
wae responsible, and turned out always to be present 
when the terminals printed TSS HAS GONE DOWN. It 
was verifled by the eyetems people that the program 
called RHBOMB was in fact a Bomb program, with no 
other purpose than lo take down the time-sharing ayatem. 








R.H. wae spoken to sternly and it did not hap- 
pen agaln. 


However, some monthe laler a snoopy systems 
programmer noted that a file called RHBOMB had been 
stored on disk. Rather than have R.H. scalped pre- 
maturely. he thought he would check the contents. 


He sat down at the terminal and typed In the com- 
mand, PRINT RHBOMB. But before he could see its 
contents, (he terminal typed Instead 


TSS HAS GONE DOWN 


But this was incredible! A program so virulent that 
If you Just tried to read its contents, without running 
it, it etill bombed the system! The eystems man 
tushed from the room to see what had gone wrong. 


He did eo prematurely. The contents of the 
new file RHBOMB were simply 


TSS HAS GONE DOWN 


followed by thousands of null codes. which were sil- 
ently being fed to the Teletype. 10 per second, pre- 
venting it from signalling that it was ready for the 
next thing. 


Gril 


Games with computer programs are universally enjoyed 
In the computer community. Wherever there are graphic 
displays there 1a usually a version of the game Spacewar. 
(see Steward Brand's Spacewar plece in Rolling Stone, 
mentioned elsewhere.) Spacewar, like many other computer- 
based games, is played between People, using the computer 
ae an animated board which can work out the results of 
complex rules. 





Some installations have computer games you can play 
against; you are effectively “playing against the house,” 
trying to outfox a program. This Is rarely easy. A variety 
of techniques, hidden from you, can be used. 


When "a computer" plays a game, actually somebody's 
program la carrying out a set of rules that the programmer 
has laid out in edvance. The program has a natural edge: 
it can check a much longer series of possibilities in looking 
for the best move (according to the criteria in the program). 


There Is a more complicated approach: the computer 
can be programmed to test for the best strategy in a game. 
This Ls much more complicated, and ie ordinarily considered 


an example of "artificial " (eee * “1 . 
‘aloswhine tx tale riciaee aii (eee "The God-Bullders, 





COnnay's GAME OF LiFe 


A Grand Fad among computerfolk In the last couple 
of yeare has been the game of "Life," Invented by John 
Horton Conway. 


The rults appeared in the Sclentific American in 
October 1970, in Martin Gardner's gam lumn, and the 
whole country wenl wild, Gardner wes swamped with 
results (many published In Feb. 71); after a couple mora 
issues Garduer washed his hands of it, and it goes on 
In its own magazine. 





The game le a strange model of evolution, natural 
selection, quantum mechanics or pretty much whatever 
else you want to eee In it. Part of ita initial fascination 
was that Conway didn't know its long-term outcomes, and 
held a contest (eventually won by a group from MIT). 


The rules are deceptively simple: suppose you have 
a big checkerboard. Each cell has elght nelghbore: the 
cells next to it up, down and diagonally . 


Time flows In the game by "generations." The pattern 
on the board in each generation delermines the pattern 
on the board In the next generation. The game part elmply 
consiste of trying out new patterns and seeing what things 
result in the generations after it. Each cell is elther OCCUPIED 
or EMPTY. A cell becomes occupied (or "is born”) if exactly 
three of ils neighbors were full In the previous generation. 
A cell stays occupled if either two or three of ita neighbors 
were occupied In the previous generation, All other cells 
become empty ("dle"). 


These rules have the following general effect: patterns 
you make will change, repeat. grow, disappear In wild 
combinations. Some patterns move across the écreen In 
succeeding generations ("glidere"). Other patterns pulsate 
strangely and ejeci gliders repetiuvely (glider guns). 

Some patterns crash logether In ways that produce moving 
glider guns, Weird. 


While the game of Life, as you can see from the rules, 
hae nothing to do with computers intrinsically , obviously 
computers are the only way to Lry out complex patterns 
in a reasonable length of time. 


“ee OL 
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NON-OBVIOUS RESULTS OF SOME SIMPLE PATTERNS: 


one blinks back and forth, others become stable. 
Game of Life programmed for PLATO by Danny Sleator.) 


BIBLIOGRAPHY 


Donald D. Spencer, Game Playing with Computers. 
(Spartan/Hayden, $13.) This includes flow- 
charts, programs and what-have-you for some 
25 games, and suggestions for more. 


A continuing cerles of game programs (mostly or 
all in BASIC) appears in PCC, a newspaper 
mentioned earlier. 


Stewart Brand's marvelous Spacewar piece, also 
mentioned earller, is highly recommended. 


Robert C. Gamill, "An :mamination of Tic-Tac-Toe- 
like Games.” Proc. NCC 74, 349-355. 
Examines structure of simple ganes 
(esp. 3D tle-tac-toe or QUBIC) where forced 
wins are possible; and program structures to 
play them, 


"te Game of Life,” Time, 21 Jan 74, 66-7. 


(Lifeline, said to be published by Robert T. 
Wainwright of Wilton, Connecticut.) 


SURVIVAL OF THC FITTEST 


One of the stranger projects of the sixties was a game 
played by the moet illustrious programmers at a well-known 
place of research; the place cannot be named here, nor 
the true name of the project, because funds were obtained 
through sober channels, and those who approved were 
unaware of the true nature of the project, a game we shall 
call SURFIT ("SURvival of the FIlTtest".) Every day after 
lunch the guys would solemnly deliver their programs and 
see who won. It was a sort of analogy to biological evolution. 
The programe would attack each other, and the survivors 
would multiply until only one was left. 


It worked like this. Core memory was divided up 


into "pens," one for each programmer, plus an area for 
the monitor. 


eg 





Each program, or "animal," could be loaded anywhere 

in its pen. The other programs knew the size of the pen 
but not where the animal was in it. Under supervision 

of the special monitor, the animals could by turns bite 

into the other pens, meaning that the contents of core at 
several consecutive locations in the other pen was brought 
back, and changed to zero in its original pen. 


Your animal could then "digest"-- that is, analyze-- 
the contents bitten. Then the other animal got his turn. 
If he was still alive-- that is, if the program could still 
function-- it could stay in play; otherwise the animal who 
had bitten it to death could multiply itself into the other 
pen. 


The winner was the guy whose animal occupied all 
pene at the end of the run. If he won several times in a 
row he had to reveal how his program worked. 


As the game went on, more and more sophistication 
was poured into the analytic routines, whereby the animal 
analyzed the program that was its victim; so the programmer 
could attack better next time. The programs got bigger 
and bigger. 


Finally the game came to a close. A creature emerged 
who could not be beaten. The programmer had reinvented 
the germ. His winning creature was all teeth, with no 
diagnostic routines; and the first thing it did was multiply 
itself through the entirety of its own pen, assuring that 
no matter where it might just have been bitten, it would 
survive. 





OTHER. ANIMAL WINNING ‘Geem' 
M4 Gnadnaaa 
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When word got around that this nude was in a public file on the 
time-sharing system, my office-mates scrambled to get printouts of her. 
The cleverest, though, had a deck punched. As he predicted, she was 
thrown off by the systems people within an hour or so-- leaving the other 
guys with their printouts, but he had the deck. Now he can put her 
back in the computer any time, but they can't. 
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How CoMtUTER STUFF 
Is ae SeL 


For lhe mast part, big computera have 
always been rented or leased, rather than 
bought outright, There are various reasons for 
this. Prom the customer's polnt of view, It 
mahes (he whole thing tax-deductible without 
tmortization problems. and means that It's poa- 
alble to change part of the package-- the model 
of compuler or the accessories-- more easily. 
And big amounts of money don't have to be 
shelled out al once. 











Prom the manufacturer's point of view (and 
of course we are speaking mostly of IBM), It ls 
advantageous to work the leasing game for 
several reasons. Cash Inflow is steady. The 
manufacturer is In continuous communication 
with the customer, and has hie ear for changes 
and improvements costing more. Competitors 
are 01 & disadvantege because the Immense 
capital base needed to get Into the selling-and- 
leaging game makes competitition Impossible. 








Basically. leaning really may be (thought 
of as having two parts; the sale of the computer, 
and banking a Joan on It; essentially the lease 
payments are installment payments. and the real 
Profite come after the customer has effectively 
paid the real purchase price and is still forking 
over. 


Many firme other than IBM prefer to sell 
their computers outright, Minicomputers are 
almost always sold rather than rented, However, 
for those who belleve in renting or leasing, the 
so-called "leasing firms” have appeared, effec- 
ively performing # banking function, They buy 
the computer, you rent or lease it from them, 
and they make the money you would've saved 
if you'd bought. 








IBM, now required to sell its computers 
as well av lease them, keepa making changes 
In Its systems which cynics think are done partly 
lo scare companies away from leasing, since 
If you've bought the computer you can't catch up. 
(Lerge computers bought from companies thet 
Ike to sell them, auch as DEC and CDC. do not 
seem (o have this problem.) 


vit ow, MAINTENANCE: 


A practical problem ef immense ieportance is “maintenance,” 
meaning repair and upkeep of computers and their acceseori 
Lots of guys in Boston and L.A. are having fun making computers 
but here you are ecuck in Squeedunk and it doesn't vork anymore. 





‘Trylng to find people who will fix these things on a stable 


basla Ls a great problem. 








You can sign a “maintenance contract” with the manufacturer, 
which ls sort of like Breakdown insurance: whatever happens 
he'll fia. Eventually. T£ you own equipment from different 
manufacturers, though, it's worse: each manufacturer will only 
cotract to flx hia on equipment. (And remember, inter 

have to be maintained too.) 








Thie is the biggesc point in favor of TBM. Their malntenance is 
superb. 


Thece's also something called third-party maintenance: companies 
who'll contract to keep all your hardware working. RCA and 
Raytheon are into that. 





THE SEVEN DWARVES ANI THEIR FRIENDS 


The computer companies are aften 
called “Snow While and the Seven Dwarves," 
even though the seven keep changing. Here 
ara some main ones beside IBM. I hope | 
haven't left anyone out. 








Requiescant in 
Sperry Rand Univac Generel Electric 
Honeywell (sold oul to Honeywell) 
Burroughs RCA (sold out to Univac) 
Control Dala Corporation (CDC) Philco 
Natlonal Cash Register (NCR) General Foods 


Digital Equipment Corporation (EC) & others beyond recollection. 
Xerom Date Systems (XDS; formerly 

Sclentifle Data Systems (SDS)) 
Hewlett-Packard. (HP) 
Dew Ocneral 
Interdeta, Inc. 
Varian Data Machines 
Lockheed 





peln® 
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SOFTWARE 


Computer programs. or "software." used 
(© come free with the computer, But [BM turned 
sround and “unbundled,” meaning you hed to 
buy It separately, and there has been some fol- 
lowing of this example. However. for users who 
are buying 8 computer with some canned program 
for a perlicular purpose, prices are obviously 
for the whole package: it's people who use the 
same computer for a jot of differemt things that 
have 10 pay for Individual programs. 


There are many smell software companies. 
For the cost of « letterhead anyone can slart one; 
the question is whether he has anything special 
to sell, Some people whomp up programs on 
their own which turn out tw be quite useful. 
(For instance, one Benjamin Pitman offers a 
magnificent program In Fortran to generate tex- 
tual garbage. It's so good it can be used to 
expand proposals by hundreds of pages. He 
calls it Simplified integrated Moduler Prose (SIMP) 
and It elie for $10. His address is Computer 
Center. University of Georgia, Athens GA 30602") 


Obviously, to creste big systems for intri- 
cale management purposes requires a great deal 
more effort. Traditionslly these are donc by 
vast programmer (eans working in COBOL or 
the like, constantly fighting with monitor programs 
and chewing up millions of dollars. However. 
the new Quickie Languages (three shown pp. K-25) 
may offer great simplification of such programming 
tasks. 





Programs are protected by copyright-~ 
thal's the only way there can be a@ software in- 
dusiry at bul since there has becn no 
court litigation in the field, nobody knows whet 
the law really is or what it covers. Everybody 
grees that traditional copyright precedent covers 
@ lot of ground-- “derivative works" definitely 
violate copyright, even study guides to textbooks-- 
-- bul no one knows how fer this goes. 








Same for patents. The Patent Office has 
granted program patents, notably the one on 
the sorting program of Applied Data Research, 
Inc.. but The Patent Office has a profound dis- 
teste for this potential extension of its duties, 
and is telling everyone that programs aren't 
palentable. even though they clearly fell within 
its mandate as unique. original prccesses. 


People whe only read the headlines thirk 
that the Supreme Court struck down the patent- 
ability of progrems. No such thing. 


In this light the pstents thel the University 
of Utah hes gotten on the naiftone image synthesis 
programs of Warnock and Wylie and Romney (see 
P. —_-) are of considerable interest. These 
petents use the "software. ardware” ruse: the 
Program is described in detail as taking place in 
2 fictitious machine shown in many detailed draw- 
ing whose nebulous character Is not readily 
seen by the wi led: events vaguely taking 
plece in “microprogrammable microprocessors” 
have been neatly foisted on the Patent Office ac 
detailed (echnical disclosure. It's a great geme. 
The Idea Is thet the claims are so drawn as to 
cover not.just the fictitious machine, but any 
Program that should happen to work the aame 
way. Bul such approaches, though commen to 
previous. patent practices, have not yet been 
Utigated in this field. 














puted over 


* More recent addr 
c/o Computech Syat 
1819 Peachtree Ad., 
Atlanta GA 30309. 











USED COMPUTERS 


While In principle there would seem to be 
every adventege in buying used computers. there 
are certain drawbacks. Service is the main one: 
the manufacturer Is not very helpful ebout flaing 
dlsconunued machines, end you may have to know 
how to do it yourself. Even with machines still 
avellable. you may have trouble getting onto « 
service contract from (he manufacturer. since 
it "mey have been mistreated.” (American Used 
Computer, In Boston, will usually guarantee 
that its merchandise will be accepted back into 
manufacturer's contract service.) A final draw- 
back is price: a popular machine may cost as 
much used @s new, since they're saving you the 
waiting period. 











ft'e kind of unfortunate: otherwise usable 
machines gel wasted, (Bul here's waste for 
you: certaln well-known laboratories, owned by 
a profit-making monopoly, smash their used com- 
puters if nobody wants them within the lab. 
They cleim they can't resell them beceuse they 
would then be "competing" with the manufacturers. 
{wish the conservationists would gel on thal one.) 









Wotes from all over: it seems that all the 
surviving numbers of the Philco computer, a nice 
machine but very much discontinued, have ei- 
ther gone to the gtete of Isracl or to Pratt Instl- 
tute in Brooklyn. When I spoke at Pratt they 
showed me their Philco machines. chugging heal- 
thily, and seid they had ( think) some four more 
Phileos in crates, donated by their original owners.) 


ANNOUNCEMENTS 


An eccentric aspect of the computer field 
is the Announcement, the statement by @ company 
(or even individual) thet he Is planning to make 
or sell & certain computer or program. Some 
very odd things happen with announcemente In 
this field. (None of this is unique tu computer- 
dom, but It goes 10 unusual extremes here.) 





Under our system it is permissible for any 
person or firm to announce that he will make or 
sell any particular thing, and even if he's lying 
through his teeth, it's not ordinarily considered 
fraud unless money changes hands. Talk is 
cheap. Thus it s common prectice In American 
industry for people to say that they will soon 
be selling hundred: mile-an-hour automobiles, 
tapioce-powered rockelships, anligravity bells. 


Okay. In the computer world the same 
thing happens. The strategy depends on the 
announcer’s market position. The little guys 
are often bluffing wistfully, hoping someone will 
gel interested enough to put up the money to 
finish the project. or the like; the big companies 
are often “testing the water.” looking to see 
whether there are potential customers for whet 
they heven't even atlempted to develop. Announce- 
ments by big companies aleo have strategic value: 
if they announce something a smaller guy has 
already announced, they may cut him off at the 
puss, even though they have no intention of 
delivering. ‘That's just one example. The anal- 
ysis of IBM's announcements is @ parlor game 

in the field. I hes been alleged. for instance, 
(hut IBM announced its 360 computer long befcre 
it was ready to cut off incursions on ite cus- 
tomers by ollier firms; Control Data. in a recent 
suit, alleged that the Model 90 numbers of the 
360 were announced, and then developed. simply 
te destroy Control Datu and its own dig fest 
nochines. These arr just examples. 








In other words. caveat auditor. 





n ran several good articles on 
buying computer stuff In ite Septem- 
ber, 15, 1970 issue. 

"Software Buying" by Howard 
Bromberg (35-40) and "Contract 
Caveats” by Robert P. Bigelow (41- 
44) are very helpful warnings about 
not getting burned. 

Another. "Project Management 
Games," by Werner W. Leutert (24- 
24) is an absolutely brilliant, blood- 
curdling strategic anelysie of the 
ploys and dangers involved in buy- 
ing and selling very expensive things, 
such as computers and soflware. 
ANYONE INVOLVED IN COMPUTER, 
MANAGEMENT SHOULD READ THIS 
MACIAVELLIAN PIECE WITH THE 
GREATEST CARE. Anyone Ipteres- 
led In the theory of showdown and 
negoliation can read It with a diff 
ent slant, 











How (some 


Cow purer Compatics 
ARE FINANCED —— 
A PERSPECTIVE 


Those of us who were around will never 
forget the Days of Madness (1968-9). Computer 
stocks were booming, and their buyers didn't 
know what it was about; but everywhere there 
were financial people trying to back new com- 
puter companies, and everywhere the smart 
computer people who'd missed out on Getting 
Theirs were looking for a deal. 


Datamation for November 1969 was an inch 
thick, there were that many ads for computers 
and accessories. 


At the Fall Joint Computer Conference that 
year in Les Vegas, I had to cover the highlights 
of the exhibits in a hurry, and it took me all 
afternoon, much of it practically at a trot. Then, 
after closing time, I found out there had been 
a whole other building. 


It 1s important to look at how a lot of these 
companies were backed, the better to understand 
how irrationality bloomed in the system, and 
made the collapse of the speculative stocks in 
1970 quite inevitable. 


A number of companies were etarted at 
the initiative of people who knew what they were 
doing and had a clear idea, a new technique or 
a good marketing slant. These were in the 
minority, I fear. 


More common were companies started at 
the initiative of somebody who wanted to start 
"another X"-- another minicomputer company, 
another terminal company, expecting the product 
somehow to be satisfactory when thrown together 
by hired help. Perhaps these people saw com- 
puter companies as something like gold mines, 
putting out a common product with interchangeable 
commodity value. 





The deal, as some of these Wall St. hangers- 
on would explain it, was most intriguing. Their 
idea was to create a computer company on low 
capital, "bring it public" (get clearance from the 
SEC to sell stock publicly), and then make a 
killing as the sheep boughl it and the price went 
up. Then, if you could get a "track record” 
based on a few fast sales, the increasing price 
of your stock (these are the days of madness, 
remember) makes it possible to buy up other 
companies and become a conglomerate. 








Yes, it's real. 
Life imitates art 
on Route 46, N.J. 


It was very difficult to talk lo these people, 
yarticularly if you were \rying to get support for 
a legitimate enterprise built around unusual ideas. 
(Everybody wants to be second.) And what's 
worse, they tended to have that most reprehen- 
sible quality: they wouldn't listen. Did they 
want to hear what your idea actually was? “I'll 
get my technical people to evaluate it"-- and 
they send over Joe who once took COBOL. I 
finally figured out that such people are impossible 
to talk to if you're sincere-- it's a quality they 
find unfamiliar and threatening. 1 don't think 
there's any way a person with a genuine idea 
can communicate with such Wheeler-Dealers; 
they just fix you with a piercing glance and say 
"Yeah, but are we talking about hardware or 
software?" (the two words they know in the 
field) . 











“ITS A WHEELER I~ 


The joker is thal if you missed out on all 
this you were much better off. Anyone with a 
genuine idea is being set up for two Meecings: 
the first big one, when they tell you your ideas, 
skills and long-term indenture are worth 23% 
(if you're lucky) compared (o their immense con- 
tributions of "business knowhow," and the second, 
when you go public and the underwriter gets 
vast rakeoffs for his incomparable services. Whal 
is most likely to get lost in all this is any orig- 
inal or structured contribution to the world that 
the company was intended, in your mind, to 
achieve. 


In part thie is because anyone with tech- 
nical knowledge is apparently labelled Silly 
Technician in the financiel community, or Impos- 
sible Dreamer; it is entrenched doctrine among 
many people there that the man with the original 
idea cannot be allowed to control the direclion 
of the resulling company. In one case known 
lo me, a man had a beautiful invention (not 
electronic) that could have deeply improved 
American industry. It was inexpensive, simple 
to manufacture, profoundly effective. He made 
his deal and the company was started, under 
his direction. But it was a trick. When the 
second instellment of financing came due (not 
the second round, mind you), the backers 
called for a new deal, and he was skewered. 
Result: no sales, no effect on the world, no 
nothing to speak of. 








This is all the sadder because the com- 
panies that achieve important things in this field, 
as far as I can sec, are those witha unifying 
idea, carried out unslinlingly by the man or 
men who believe in it. I think of Olsen's Digital 
Equipment Corporation, Data General, Evans and 
Sutherland Computer Corporation, Vector General. 
This is not to say that a good idea succeeds 
without good management or good breaks: for 
instance, Viatron, a firm which was the darling 
of the computer high-flying stocks, had a per- 
fectly sound idea, if nol a deep one: to produce 
@ video terminal that could be sold for as liltle 
as $100 a month. But they got overextended, 
and had manufacturing troubles, and that was 
that. (You can now gel a video terminal for 
$49 a month, the Hazeltine.) Of course, a lol 
of ideas are hard to evaluate. A man named 
Ovshinsky, for inslance, nemed a whole new 
branch of electronics after himself (ovonics"), 
and claimed it would make inlegraled circuits 
cheaper or better than anybody else's. Scoff, 
scoff. Now Ovshinsky has hed the last laugh: 
what he discovered some now call “amorphous 
semiconductor technology," and his circuits are 
being used by manufacturers of computer equip- 
ment, Another example is one Frank Marchuk, 
whose "laser computer" was announced several 
years ago but hasn't been seen yet. Many com- 
puter people are understandably skeplical. 


This is still a field where individuals can 
have a profound influence. But the wrong way 
to try it is through conventional corporate fin- 
ancing. Get your own computer, do it in a 
garret, and then talk about ways of getting it 
out to the world. 
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"IBM," jeryone knows, is the rade 
mark of the International Businese Machines 
Corporation, an immense campany centered in 
Armonk. N.¥., but extending to over « hundred 
countries and employing well over 8 querter of 
2 mililon penple. 








IBM daminetes two industries. computere 
and electric typewriters. 





To many people. 1BM is synonymous with 
computers. Some of the public. indeed, believes 
them to be the only computer manufacturer. 


In cameras and film. there ls Kodak. In 
automobiles. there is General Motors. And In 
the computer field there le 18M. 


15M sells come 65 to 70% of all the com- 
puters and programs thal are sold. In this re 
pect. the balanced near-monopoly, they are like 
Kodak and GM. 








But Un are important differences. Ev- 
everybody knows what s camera is. or an auto- 
mobile. But to many, If not most, people, a 
computer le what IBM says it is. 








The importance of this firm. for good or 
Il, cannot be overstated: whose legend is so 
thick, whose stock prices have doubled and re- 
doubled, ten Umes over. to ils mullibillion-dollar 
masse: whose seeming infallibility-- at least. as 
seen by oulsidere-- heve been the stuff of 
legend. whose style has proliferated scross the 
world, a style which hae in « way itself become 
eynonymous with "computers:* whose name eym- 
bolites for many people-- remarkably. both 
those who love it und those who hate It-- the 
New Age. 

















The rigidity sesuciated in the public mind 
with "the computar® may be related in some 
deep way tw thie orgenizauion. Ae @ corporation 
they are used to designing systems that people 
have to use In their jobs by fiat, and thus there 
are few external limitations on the complicauions 
to our lives that [BM can create. 











Many people aistake IBM for "just another 
big company," and here lies the danger. IBM's 
position in the world is so extraordinary. 60 
carefully poised (es = result of various anu- 
\rust proceedings and precautions) just outside 
of total monopoly of « vitally important and all- 
penetrating field, that much of what they do bas 
implications for all of us. Ralph Nad con- 
tention thet General Motors i¢ too powerful to 
function as an independent government surely 
applies even more to IBM. General Motors ie not 
{n & position to persuade the public thel every 
car has to have ten wheels and a snowplow. 
TBM sesme in same waye to have molded compu- 
tors in (ts own image. and then persuaded the 
world that this lo the way they have to be. 

















But IBM tp deeply sensitive, In its way, 
to public reletions, and has woven an extensive 
eyetam of political tes and legends (if not 
mythology) which have kept il almost completely 


exempt from the critical attention of concerned 
cluzens. 











Thus it 1 necessary here. simply as a 
matisr of covering the field a1 an introductory 
level, to ralse some questions and criticleme 
that occur to people who are concerned about 
IBM. IBM presumebly will not mind having 
these matters raised; thelr public-spirited con- 
cern in s© many areas assures that when some- 
thing so publicly important as the character af 
their own power is concerned, occasional 
scrutiny should be welcame. 





A FINE PROGRESSIVE CORPORATE CITIZEN 
AND A WONDERFUL EMPLOYER 


1 ts portant @ now Gret of al] that IBM 
is in many respects the very model of « gener- 
ous and dutiful corporste citizen. In "cxnmun- 
ity relations," in donations to colleges and uni- 
verslties. in generous releses of the time of its 
employees for charluble and civic undertakings, 
it Ie almost certainly the most public-spirited 
corporation in America. and perhaps on the 
face of the earth. 


‘They have been generous about many 
public interest projects. from Braille transcrip- 
don to donating photographers and facilities for 
films on child development. 





The corporation sponsors worthwhile cul- 
tural events, "Don Quixote" with Rex Herrison 
‘on TV was wrrific, Katherine Hepburn's “Glass 
Mena was marvelous. 





They treat thelr small suppliers honorably 
and with great solicitude. 


1BM"s enlightenment and bensvolence 
toward its employees is perhaps beyond that of 
any company anywhere. They have rigorously 
upgraded the position of women and other winor- 
ity employees; the opportunities for women may 
be grester there than anywhere elee. They have 
upgraded repair of thelr system: 
to white-collar statue. and tool 
as briefcases. This innovation, making # repair- 
man into @ “fleld engineer.” Is one of the clever- 
eat public-relations and employment policies ever 
instituted. 








They are openhanded to employees who 
want to run for office, evidently regardless of 
platform. In the sities there were peace candi- 
dales who worked for IBM, and evidently got 
Ume off for {t. More recently, Fran Youngstein, 
an IBM markeling Instructor. was = 1973 candi- 
date for Mayor of New York on the Ucket of the 
Free Liberurien Party. opposing all laws against 
vicumless crimes (e.g. prostitullon and odd sex). 
a0 well as Day Care and wellers. 








They also rarely Gire people. Once you're 
in, and within certain broad outlines. it's ex- 
tremely safe employment. For those who turn 
out not Ww fit in well, they have @ tradition of 
certain gentle pressure-practices Ike moving 
you around tha country repestediy at IBM ex- 
pense. This encourages leaving, but ox: 
poses the less-wanted employee lo a variety of 
opportunities he might not otherwise sea. without 
the trauma and enxlety of dismis 











{It ts eald that there are IBM firings, but 
they are rare and formidable. Heywood Gould's 
description of an IBM firing (Corporation Freak, 
Pp. 113-115). for which he does not cleim eu- 
thenticily, 1s nevertheless bloodcurdling .) 





IBM's international menners [in ite 115 
countries) are likewise praiseworthy. Compared 
to the perfidious behavior of some of our other 
multinational corporations. they are sweetness 
and light and highschool civics. Sensitive to 
the feelings of people abroad. thay are said to 
operate carefully within arrangements made to 
satiefy each country. They usin nauonals for 
real corporate responsibility rather than bringing 
in only outside people. And they are sensitive 
to issues: for instence, they recently refused to 
Set up an Aperthetd computer in South Africa. 








ONE THING IS PERFECTLY CLEAR: 


1BM has no monopoly on understanding or sophistication, 





THEN WHY SUCH A RANGE OF FEELINGS 
TOWARD IBM? 


Among computer people. feelings toward 
18M range from worship to furious hate (dapen- 
ding only In part on whether you work there). 





Many, many are of course employed by 

IBM. and the devotion with which they embrace 
the corporation end its spirit ie a wonder of the 
world. 7 


But the spiritual communit 
further. Upper-management typss, especially 
Chairmen of Boarde and comptro! seam (0 
have a reverence for IBM thal i¢ not of this 
world, ome amelgamated vision which entwines 
of eternel etock and dividend growth 
with an idealized notion of management afficlency. 
Many others uae and live with IBM's equipment. 
and view [BM as anything from "the greatest 
company In the world” to “e fact of life" or even 
"a necessary evil.” In some places whole colo- 
nies of usere mold themselves in ite imi so 
‘ound IBM computers there are many “little 

full of people who imitate the personali- 
(lee and style of [BM people. (RCA. before its 
Computer opereuen fell to pieces. imitated not 
Just the design of IBM's 360 computer. but « 
whole range of Utles and departmental names 
from out of IBM. The sincerest form of flatsry.) 


























But outside this pale-- beyond the spiri- 
tual community of 1BM-- there are quite a few 
other computer people. Some simply ignore IBM, 
being concerned with their own stuff. Some 
like 1BM but happen to be elsewhere. Othere 
dislike or hate IBM for a variety of reasons, 
business snd social. And thie amoldering 
hatred is surely far different in character from 
anybody's attitude toward Kodak or GM. 





While {t Is not the intent here to do any 
kind of an snu-IBM number, it 1s nevertheless 
Necessary to aitempt tw round oul the one-sided 
picture that is projected outside the computer 
world. In what follows there is no room to try 
to give a balanced picture. Because 1BM can 
@peak for itself, and doas so with many voices, 
It Ls more Important to indicate here the kinds 
of criticiams which are commonly made of IBM 
by sophisticaied people within the industry. so 
that IBM-worshipera will have eome Idea of what 
bothers people. But of course no attempt can 
be msde here to judge these matters: thie is 
Just intended a6 source materiel for concerned 
citize 














They offer many computer pro- These pri 
grams for = variety of purposes. set up 








or “field engineers" struggle 
with greet diligence and alecrity 
to keep it running. You may not like the way it runs. 





THE GOOD NEWS AND BAY NEWS AgoUT IRM 


Firet, the good news 


Now for the bad paws... 


jrame ase not necessarily 
way you would want them. 
{But Lf you take the trouble to adapt 
to them, you'll probably never get 
back.) 

The programs fevor card or 
card-like input and, to date. strongly 
discourage time-sharing and widespread 
convenient terminal use by untrained 
people. 

18M programe are aleo notoriously 
Inefficient. (That way you have to use 
vi machines for longer.) 














A company or government! agency The courses indoctrinate with the IBM 
can get immense amounts of help" outlook, and the planted people epread 
And "information" fram IBM, which lt. Moreover, both mechanleme help 
offere free courses. even IBM IBM spot the people they can work with 
people on "released me” to look to moke a big 
over the problems on the premises. by some) thot 






and (it te alleged 
who stand in the way, 


18M offers various kinds of com- 
patibility among ls systems. It always seems to cost extra. 


1BM equipment Is rugged and 


and thelr repairmen 
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1. SOCIAL ASPECTS OF IBM. 


It ts perhepe In the eoctal realm, including 
its Ideological charactor, that a lot of people 
are turned off by IBM. 


1BM has tradivonally been the paternalistic 
corporation. (Paternslieuic corporations were 
some kind of big philosophical imeua to people 
in the Mities, but nobody cares anymore. Anyway, 
the rest were perhaps inconsequential compared 
to IBM.) Big IBM towns not only have # Country 
Club (no booze). but a Homestead for the comfort 
of important corporal 
codes (although non 
coller hair sre now allowed), and yes. codes 
of private behavior (now subdued). These irritate 
people with libertarian concerns. They do nol 
bother employees. evidently, because employees 
knew what they were getting into. 

















Generelizations about 1BM people obviously 
cannot be very strong. Obviously there is going 
to be immense variation among 265,000 people. 
half of whom have college degrees: but of course 
‘ons of the great truths of sociology is thal any 
fon-random group has tendencies. 








More than that in this c 
people ere an ethnic group. Imp! 








are the general energy and singlemindednoss 
of the people. gelvanized by 





r cartainty that 
d that the IBM 
way is the way. This righteousness Js of couree 
8 big turn-off for a lot of people. Perhape it 

leads in turn to the most- ‘d slure about IBM 
people, that they are brainwashed or provincial. 




















NASOR IRM COMPUTERS ATA GiAUcE 


19506 (TUBES) 


650 (Decimal) 700 Series 


701 
702 (decimal) \ 


705 (decimal) 704 (36 blu 






(TRANSISTORS!) 








7070 7040 7090 
1620 7074 7044 7094 

(decimal 

minicomputer) 


1400 series (decimal, 
eccounting-oriented) 
1401, 1410... 






MID-18608 
(INTEGRATED 
CIRCUITS) 360 Series 
(32-bit a6 well as decimal) 
1130/1800 Serie 20, 25, 30, 40, 44. SO, 6S. 67, 
(18 bite) 75. 8S, 80. 91 








19708 
{*MEDIUM-SCALE 
INTEGRATION") 370 Series 


|. 135, 145, . 
Synen 3 125, IS, 155. 165, 158. 195... 


(Variable) 
System 7 
(16 bits) 
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The eame alich markeUng could be appiled to any other Indust 
But It wouldn't be IBM. Nowhere ela could the mystery of the mubject 
be met and enhanced with so many more mysteries. 


PROVINCIAL? 


Thare would eaem to be no question that 
15M peopte are comparatively conservative and 
conventional. This partly because th 
hires (though they reportedly urge tolerance of 





‘the unusual employee in a training film, "The Wild 


Duck"). A huge number of [BM peuple never 
worked for anybody else: obviously thle affects 
the permpective, Uke steying at one university 
all your life. or in one city. 





It may aloo be that because IBM places such 
4 premium on dependability and obedience, new 
rate them) 


‘ideas (and the sbilides needed to 
naturally run into a litle trouble. Some criucs 





find among 1BM people a heavy concern with con- 


ventianal symbols of achievement, and (unfor- 
tunately) emwing the world etuck all over with 





canventional labele and Middle American stereo- 


types. 





ing material on thie 
cames from an odd source: a writer nemed 
Heywood Gould who, all unprepared, became s 


consultant to IBM. earned unconecionable amounts 





(040,000 in eix months), and lived to 
write a very funny and observant book aboul it 
(ese Bibliography) . 








an entrepment in & soca) role that makes the indi- 
{BM 


viduel's poslion awkward among outsids 
people oftan have to take guff at parties. un! 
‘hey are 1BM parties. Defensivences 











BRAINWASHED? 


10 Ie truo that IBM people are eesantially in 
their own world. One theory is that compart- 


meotalization within the firm (ra 





visible in 





thelz designe) may tend to stifle. Indeed, because 
1BM people can expect to be briefed and schooled 


in every lnchnical matter they will need to know 
for a given assignment. the incentive to follow 
technical developments through outside mi 
and societies may be reduced. Between Think 
magatine and corporate briefings, It is possibi 
for 1BM people to ba comparalvely (or @ 
f Innovations aluewhe 
we New developments are 
presented to them within the org 
thie Light it fe easy 10 unde 








grams 


Individual crealvity there. So it’s entirely 
But 18M certainly hi 
and [BM-haters 
sometimes talk a5 if the reverse is (rus. 








ae 


(3M conuols the Industry principally by 


controlling Its customera. Through various 
mechanisms, it seams to enforce the principle 
that "Once an 18M customer. elweya an !BM 
customer." With en extraordinary degrae of 
control, surely poseassed in no other field by 
any other organization in the free world, 1 
dictates whal lis customere may buy. and what 
they may do with what they get. More than 
thin: the exactions of loyalty levied upon IB! 
customers are similar, In kind and degree, to 
whav it damande af tts own employees. 18M 
makes the customer's employees more and more 
Uke Its own employess, committing them 
Individuals, end effectively committing the com- 
pany that buys from it, to IBM service in 
perperuity. 



























Hare are some of the ways thie system of 
contro) seams w work. We are not saying here 
thal thie is necessarily how IBM plans it; 
rather, thesa are the virtual mechanics, virtual 
jo the old sense: this is how it might well 
ba working. In the anthropological aense this 
ie @ "functional* analy: showing the tie-ins 
rather than the actual detailed thought proce 
(hat occur, And even if these are really the 
@echanice, perhaps IBM doesn't mean them to be. 
Ii might Just somehow be a continuous accident. 




















A. Intercganecuion and compaubilities. 


1BM acta an Lf it doas not want competitors 
to be able to connect thelr accessories to Its 
computers. It's es though GM could design the 
roade so us lo prevent the peesage of other 
vebicles then its own, 








This In done several ways. First. IBM 
hae somatimes used cantractual techniques to 
prevent such interconnections wo its systems, 
alther forbidding other thinge to be attached 
(or at least elapping on extra service charges 
Mf they are}, or declering that It would not 
be reeponaibla for overall performance of euch 
2 sew. effectively withdrawing the hardware 
qusranise that ls such @ strong selling point. 











Secondly, IBM dogs not tell all that needs 
(to We known in order to make thess intercon- 
nections-- the dataile of the hardware interfaces. 





Finally. IBM can simply decree, perhape 
claiming technical necessity. thet interconnection 
ls impossible. For instance. [BM said (or « 
Ume that their latest big program, "VS.* or 
Virtual Sysjem, wouldn't work (transietian: 
would not be allowed) If competitive memories 
were used,on the computer. 





‘a who IBM 


y account 
for some of the Overdo, and some of the clannish- 







in the 


arch on everything fram 
computer hidden-line imaging (o the atructure of 
the geneUc code and computer-synthesized holo- 
APL Heel (seo pp. 21-3). 36 developed 
by Iverson at Harverd and later progremmed by 
him at IBM, is another example of sophisticated 


no monopoly on 





1s still possible. 


reached. they do liste: 
if not public-spirited 











systems to und 


Armonk, NY. 


I hope 10 be able to report in future 
editions of this book that IBM has moved 
firmly and credibly toward making ite ays- 
tems clear and simple to use. without re- 
Tequiring laborious attention to needless 
complications and oppressive ritual 


One of the thinge we often forget is 
that public-spizited corporations can be 

and 18M te nothing 
except when It 
comes to the design of ita systems. 


L hope that thie book will help 
people who are inconvenienced by computer 
and and pinpoint what 
they think is wrong wlth the systems 
thelr data structure, interactive properties, 
or other design features-- and that they 
will ury w express thelr discontents intel- 
ligently end constructively to thove 
ponsible. Including. where appropriste, 
International Business Mechines Corporation. 


Ce OC 


2. SALES TECHNIQUES. 




















K- 





in 
Data. 





11 is 1BM‘e alleged misbehavior in pursuit 


of gales thet has drawn some of the strongest Ho 
eriticiém within the industry, as well as coneid- 

erable litigation. Thelr “predatory pricing” 

(a term used by the judge In the recent Telex 
decision), and other mean practices, a 





under 


(whe 





ther true or falee) folklore within the industry. 


Thase accusations are wall summerized 
by "Anonymous" in a recent 
Basically the accusations against 
1BM‘s ales practices are that they play dirty: 
manager in a business 
firm, want to buy equipment from another out- 
fit, [BM [eo the story goes) will go over your 
head to your boss. accuse you of incompetence. 
you fired if you oppose them, and 


graphy). 


Mf you. say, the comput 





‘that various forms of threat, Intimidation, "hard- 
und "behind-the-acenes man- 
ipulation” are actually standard practice in IBM 


sell ecere tactic 








he or she 
certain municipalities. 





Such behavior is emphatically denied. 











Uucle (see Biblio- tora: 





duals 


though not in relation to that article, by Board 


Chairman Cary. In @ recent letter to Newoweek 
(seo Bibliography). Cary emphasizes the impor- 


tance of 1BM's 76-page Business Conduct Gulde- 


lines. Whether these are publicly examinable 


is not 





ated. 


These charges were also tuken up con- 
cretely in a recent survey of comput 
tion (summa 
Not a Game: 


done by Dat 
in "Monopoly 















widespread fe 
have strongly 





Now, there are many manufacturers who 
think this Is very wrong of IBM; who belicve 
they should he 
and parls-- esp 
to plug onto IBM's computers. 
@enerelly possible for these other manufacturers 
to work these interconnections out awhi 
the computer comes out on the market, 
Ive getting more difficult. 












Thue the Telex Decision of Si 
1973, In which tt was decreed by the judge that 
12M would have to supply complete interface 
Information prompuy when inuoducing « new 
computer. @ Gource of greal jul 
the computer field. However. that part of the 
Judgment has since been cancelled. 











Much the same problem éxisie in the solt- 
ware © IBM ie then Interested in 
helping is competiors write programs that hook 
up to IBM programs, #0 the detalls of program 
hookup are not always made cleer. Hera. tao, 
many smaller companies Insist they should be 
made to do It. 












8. Control and guidance of what the customer 
con get. 


To « remarkable degree, If you are en 
IBM customer, you practically have to buy what 
they tell you. This 1BM manages by an intri- 
cate aystem of Muctusting degrees of sales and 
support and contractual dealing. The IBM cus- 
tomer always hae severe! options; but these a1 
Uke farced card IBM is always Introducing 
and disconUnuing producte, and changing prices 
snd contrectual errangements and softwere op- 
choreography. which applies 
‘on the customer. IBM has 

a finely-tuned eystem of customer incentives by 
which it controle product phesing. to use the 
polite term, or planned obsolescence, a8 some 
People call it. 

















(Ayal R. Poppa. president of Pertec Corp.. 
predicts that IBM customere will now be re- 
quired t switch over to new products avery 
five or six yeare, rather than every seven. 
which Poppa contend has been the figure. 
(“Poppa Sees Several 1BM Chenges,” Computer- 
world, 21 Nov 73, 20.) 








Programe, especially. are available with 
different degrees of approval fram IBM. The 
technique of “support” is the concrete manifes- 
tation of approval. A supported program le 
one which [BM promises to fix when bugs turn 
up. With an unsupported program, you're on 
your own, God hae forgotien you. Because so 
much of IBM's virtue lies in the strength and 
fervor of its support, the use of unsupported 
programs, or unsupported features of supported 
programs, je e difficult and risky matter. like 
driving without « map and 6 epare tire, or even 
going Into the Himalayas without gloves. Effec- 
Uvaly the withdrawal of support le the death 
knell of any big program, such as TSS/360. 
ares though custamers may want to go on using 
=D 




















IBM. However, 
seriously call 
lire survey as analyzed-- that out of 1100 
to the questionnaire, Datamation only 

“usable.” parly it is 
stated) because many did not give date allowing 
themselves to be idenuhied, 
of [BM an the field. this may 
sed the poll in favor of IBM 





Con: 


even In this remaining company, 
“performance per dollar." the managere surveyed 
{and surviving the weedout) ranked the top 

Uhree compani 





ver, he ballev 


lines will be observed in the future. 
Sees Seve: 
21 Nov 73, 


sales practices most seriously- 
Computer Industry Association. This 16 an 


ciation of computer companies 
ita intention the 


eis theire. 
Ident Dan L. McGurk, formerly of Xerox 





Interested in th 


"When we went from IBM to 


National Cush Register, lt was like 
the difference between night and day." 


Retired hardware executive, 





11 Ie amusing to note that 


(ncidentelly 
in torma of 








DEC, Burroughs end Control 
worst out of 8, Obviously 






1BM wi 


service counts for @ Jot.) 


An Interesting view on IBM's sales ethicy 
tly by Ryel A. Poppa. 


president of Partec Corp. 


have been sales 

n't honor the 

‘ IBM hee violated 
a." 


“In the past. whon thei 
situstions where "you 
policy and win the d 
the policy with the proctice. he 














that situsion Is changing 
new mansgement, so that the guide- 
(“Poppe 
Computerworld. 











1 IBM Cheng 
) 





The people who take these matters of IBM 
IBM's compau- 
thetr own orgenization, the 





now ha’ 

















free and open competition.” Emphi 
Translation: they're out to get IBM, 





ms, has blood in his eye, Member- 





ship Is open only 10 computer companies, but 
their newsletter On Li 





Line is available to indivi- 
(see Bibliography). Anyone seriously 
matters 1s referred to them. 





4. TECHNICAL DECISIONS AND DESIGNS 


A. Prologue. 


Part of the myth of [DM's corpo! 





e perfec 


ton is baged on the notion that technical matters 


yomehow predominate In IBM's decisions, and 
that IBM‘ product offerings and designs thus 





1B managers 
ed by McLaughlin 
see Bibliography) 


from 
from 


jon’s anslysis of this survey. the 





into question 
such 


the 





Availability of products is in general a 
matter of exquisite degrae. t's not so much 
Yhat you can or can't get @ particular thing. 

bul thal the pricing and available contracts at 

a given time gxert strong pressure to put you 
where they have chosen within their currently 
featured product line. Moreover, extremely 
strong hints are always available: the salesman 
will tell you what model of thelr computers is 
likely to be @ dead end, or. on the other hand. 
what mode) is likely to offer various opuons 

and progreselve developments in the near future. 











Some thinge ere helf-available, elthor es 
"RPQs" (an IBM term for special orde: 
Request Price Quotation), or available to 

sophisticated customers et IBM's discretion. 


With all the degrees of evailability. it 1s 
easy for IBM to open or close by ds 
varlous avenues in which custome: 
ated. 














Also, different sizes of computer wil! or 
won't ellow given programa or desirable program 
features. Many IBM customers have to get bigger 
computere than they would otherwise want be- 
couse ® given program-- for instance, a COBOL 
compiler with certain capabilities-- is not offered 
by 18M for the smaller machine. Indeed, en 
elaborate sizing scheme exists for matching the 
mechine to the customer-- or, 8 cynic might 
assuring that you can’t get the program 
you ought to be able to get unless you gel a 
larger computer than you wanted. 









What It boils down to Is that you, the 
customer, have few genuine options, especially 
if your firm 1s already commitied to doing cer- 
{ain thinge with » compul And when JBM 
bringe out a new computer. the prices end 
other Influences are execUngly calculated to 
make mandatory the jump they have in mind to 
the new model. 








(This planning of customer wansitions 
does not alwaye work. When the 370 was Intro- 
duced, for instance, 1BM had in mind that com- 
panies with a certain size of 360 would trede up 
to a bigger 370. In some cases uscre traded 
down to & emailer 370, which was able to do the 
game work for less money. to the acule bother 
of 1BM.) 








C. Having to do things just their way. 


IBM eysiems and programs are cet up to 
do thinge In particular ways. To a remarkable 
degree, it is difficult 10 use them in ways not 
planned or approved by IBM, and difficult to 
Us systems end programe together. Programe 
and features which the casual observer would 
Suppose ought to be compatible. lend not to be. 
For some resson compeubility always tends to 
Cost extra. fl fe a6 though the compatibility of 
equipment and programs were planned by IBM 
as much as thelr product line 














emerge naturally and necest 


nical. 
in fact they are strategic maneuvers. 
nouncement of a new computer. for example. 


sound 
while in (uct they have simply made certain 
decisions as to “which way they intend to go" 
and how they pli 
few years. 





rily and inevitably 
these considerations. This is rather far 


the truth. 
IBM presents many of thelr actions as tech- 
even as technical breakthroughs. when 


The an- 


as the 360 or 370, 1s usually made to 
if they have invented something special. 








tw market things in the next 





Effecuvely the IBM customer tends to be 
frequently tapped in a cage of restrictions, 
whether this cage is intentlonally created by 
IBM or nat. One is reminded of the mouio of 
T.M, White's anthill in The Once and Future King: 





THAT WHICII IS NOT FORDIDDEN IS COMPULSORY. 


The degree to which these restrictions are 
manipulated or intentional is. of course, @ malter 
of debate. 


D. Captive bureaucracies running in place? 


Perhaps the most unfortunate thing about 
IBM {from an outsider's point of view) is that 
effectively their systems can only be used by 
bureaucracies whom they have trained. From 
keypunch operator up to installation maneger, 
all ere effectively enslaved to curious complex- 
Mies that keep changing. The ever-changing 
vtructure of OS, and lls quaint access methods 
lg just one casmpla, It might even seem to the 
outelde observer that 1BM'a game, Intentional 
oF not, ie to keep things difficult and intricately 
fluid to retain ular control. In other words, 
Wt te as though they fostered « continual turnover 
of unnecessary complicationa to keep a captive 
buresucrecy running In place. People who they 
have indoctrinated tend not to buy opponent 
computers. People who are immersed in the 
peculiorities of IBM systems, and busy keeping 
up with mandatory chang do not get uppity. 
@ too busy. and the Investment of their 
id effort is too high for them to want to 
change. 























Anu-IBM cynica say wnat a lot of the 
work Involved in working with IBM computers 
ie self-generated, arising from the unnecessary 
comploxitios of OS/360. JCL, TCAM and so on. 
But of course that cannot bo evaluated here. 





PROSPECTS 


Those remarks should clarify the bleakne 
of the prospect for man's future among computers 
If IBM's system of control really does work this 
way, and if it 1s going to go on doing vo. Be- 
cause it means the future that some of us hope 
for-- the simple and casual avatlebility to ind 
viduals of clear and eimple computer systems 
wlth extraneous complications edited eway-- may 
be foreclosed If they can help it. 











Let's all hope, then. that these things 
turn out not to be really true. 


Se eae 
"... 1BM In Ite Infinite wledom 
has decreed thal thie Is the way 
We must go.” 
Cynical computer 
installation maneger, 


quoted In Computerworld, 
22 Aug 73, p. 4. 





‘An Interesting example of an [8M non- 
breakthrough was the dramstic ennouncement in 
1964 of the 360 computer, portrayed as a machine 
which would at Iaet combine the functions of 
both "business" camputers and “eclenUfic™ com- 
puters, But other companies, such as Burroughs 
(with the $500) had bean doing this for some 
time, The qualnt separation of powers belwoen 
sclentific computers (with all-binary storage of 
numbers) and bueinese computers (decimal 
storage) war based only on tradition and mer- 
keting considerations, and wes otherwise unde- 
sirable. in emalgamating the "two type 
was only rescinding thelr own previous un- 
necessary distinction, The drame of the an- 
nouncement derived In large measure from the 
etress they hed previously laid on the divielon. 
(Fortune ran an interesting piece on the decision 
struggles preceding the introduction of the 360 
computer, and the internal arguments as to whe- 
ther thera should be one line of computers or two. 
See the five-billion-doller gamble piece, Biblic- 


graphy.) 

















This ties in closely with another Interes- 
ting aspect of the IBM image. the public notion 
that IBM is m great innovator, bringing out 
novel technologies all the time. It (s well known 
in the (eld that they are not; IBM usually does not 
Dring out @ ow type of product und) some other 
campany has pioneered it. (Ageln remember 
the earlier point, that the product offering is = 
atrategic maneuver.) But af course such facie 
do not eppear in the pramotional literature. nor 
are they volunteered by the salesman. 











The expression for this in the field is 
that IBM "makes things respectable." That is, 
cumtam: thal reassured fealing, when [BM 
‘adds other people's Innovations to thelr product 
line, and decide it's chay to go ahead and rent 
or buy such a product. (This eleo eometimes 
kicks business beck to the original manufacturer.) 











‘A fow examples of things that were already 
on the market when IBM brought them out, often 
making them sound completely new: traneistorized 
computers (first offered by Philco), virtual mem- 
ory (Burroughs). microprogramming (introduced 
commercially by Bunker-Ramo) . 


This (e not to say thet 18M fe Incapable of 
Innovation: merely that they are never In a 
hurry about it. The introducdon of IBM pro- 
ducts ia orchestrated like = military campaign, 
and whet [BM brings out Js always a carefully- 
planned. profit-orlenied step intended not to 
dislocate Its product ine. This ie not w say 
that they don't have new stuff in the back room, 
a potential arsenal of surprises of many types. 
But it is probable that most of them will never 
be agen. This is becauee of IBM's "impact" 
problem. 





Unique in IBM's position Is the problem of 
fltung new products into the market alongside 
Its old ones. Ite problem Is much wores. say, 
than that of Procter @ Gamble. The problem is 
not merely its sire and the diverslty of Its 
Products, but the fact that they may interfere 
with each oth ("impact” each other. they aay) 
In very complicated waye. A program like 
thelr Datatext, for example. which allows cer- 
tln Kinde of text inpul and revision from ter- 
minale, may affect its typewriter line. These 
are no small matters: the danger Is that some 
Rew combination af products will eave the cus- 
tomers money IBM would otherwise be getting. 
Innovations muet expand the amount IBM Is 
taking In, or IBM loses by making them. 








These compUcations of the product line 

in « way provide a counterbalance to IBM's fear- 
‘ome power. The corporation has an immense 
Inertia based on ite existing product line and 
custamer base, and on ways of thinking which 
have been carefully promulgated and explained 
throughout its huge ranke. that cannot be 
revised quickly or Mippanuy. 


Nevartheleas It Is remarkable how at 
every turn-- notably when people think IBM 
wlll be set back-- they manage to make policy 
decisions or strategic moves which further con- 
solidats their position. Often these seem to 
involve restricting the way their computers will 
be used (see box. “IBM's Control.) 


(The most Lronic such countermove by IBM 
occurred @ few youre ago with the an-called 
“unbundling” decislon. 18M at last agreed (on 
Complaint fram other software firms) to stop 
Giving lus programe away to people renting the 
hardware. Glea was widespread in the industry. 
which expected IBM to lower computer prices 

(n proportion to what {t would now charge for 
the software. Not et all. [BM lowered Its com- 
puter prices by 8 minuscule amount and slepped 
heavy new prices on the software-- often 
charges of thousands of dollere per month.) 











A peralstent rumor Is that IBM fires 
all {ts salesmen In a geographic 
area if a key or prestige ale Ls 
"lost.* a8 when M.I.T. 
MAC switched over tp Ger 
computers in the sixties, or when 
Weatern Flectric Engineering Research 
Center passed over IBM computera 

to get a big PDP-10, 








Much as some people would Uke 

to belleve these stories, there seama 
to ba no documentation. You would 
think ong such victim would write 
40 article about It if It were trus. 


cl 


Finally, there is the popular doctrine of 
IBM's Infallibliity. This, wo. is a ways fram 
the truth. The most conspicuous exemple wae 
something called TSS/360. 


TSS/380 was a time-sharing system-- 
that is, the control program tp govern one 
model of the 360 as a time-sharing computer. 
According to Datamation ("IBM Phases Out Work 
on Showcase TSS Effort." Sept. 1, 1871, 58-9). 
ver 400 people worked on It at once for a wu) 
af some 2000 man-years of effort. And tt wi 
ecrapped. a writeoff of some 100 million dollars 
In lost development costs. The system never 
worked well enough. Reputedly users had to 
wait much too long for the computer's responses, 
and the system could not really compete with 
thoee offered elsewhere, 





The fallure and sbandonment of this pro- 
am is thus responsible for IBM's present non- 
compeutive position In time-sharing; customere 
‘re now assured by IBM that other things are 
more Important. IBM-haters thank their stars 
that thia happened. Cynics think it conceivable 
that high-power tlme-sharlng was dropped by 
1BM in order to shoo its customer bese toward 
areas {1 controlled more completely. 





Two other conspicuous IBM catastrophes 
have been specific computers: the 360 model 90 
in the late sizUes. and s machine called the 
STRETCH somewhat earlier. Both of these 
machines worked and were delivered to cus- 
lamers. (Indeed. the STRETCH ie said by some 
to have been one of the best machines ever.) 
But they were discontinued by IBM ae not suf- 
ficiently profitable. Therein ja said to have 
been the "failure." (However. It has been al- 
leged in court ceees that these were "knockout" 
machines designed to clobber the competion 

at a planned logs.) 








B. Negative views of IBM systems. 


In the technical realm. IBM le widely un- 
loved becaugs many people think eome or all of 
their computers and programs are either poor, 
or far from what they should be. The reasons 
vary. 


Same of the people feeling this way ere 
IBM customers, and for a Ume they had an or- 
ganized tobby, called SHARE (which aléo fectl- 
italed sharing of programs). Recently, however. 
SHARE hes become IBM-dominated, a sort of 
company union, according to my sources. 





The design of the 380, while widely ac- 
cepted as a faci of life, le sharply criticized 
by many. (See "What's wrong with the 3007", 


ptf. 


IBM'e programs. while they are available 
for a broad verlely of purposes, are often notor- 
jously cumbersome, awkward and Inefficient. 

and sometimes dovelall very badly. However, 
the less efficient a program Is, the more money 
they make from it. A program that has to be 
Tun for an hour generates twice ap much revenue 
than if lt did ils work in thirty minutes: a pro- 
gram that hes to be run on a computer with, say. 
a million spaces of core memory generates ten 
limes the revenue lt would in two hundred thou- 
sand. 


1BM programs are often thought to be 
rigid and restrictive. 


The complex training and restrictions 
that go with IBM programe seem to have 
interesting functlons. (See box, "IBM‘s Control.") 


C. Theorles of IBM design. 


The question le. how could a company 
like IBM create anything like the 260 (with Its 
severe deficiencies) and ie operating system or 
contro] program OS (with Its sprawling compli- 
cations. not present In competitors' systems)? 
Three answers are widely proposed: On Purpose 
(the conspiracy theory), By Accident (the 
blunder theory), and That's How They're Set 
Up (the Management Science theory). These 
views are by no meane mutually exclusive. 





The Management Science theory of IBM 
in is the only one of these we need take up. 





The extensive use of group discussion and 
committes decisions may tend to create awkward 
design campromlese with a certain Intrinsic 
Simleesness, rather than Incisively distinct and 
elmple structures. (See Gould’a marvelous 
chapler, "Tha Meeting." 56-80.) 











Thelr use of immense teams to do big 
programming jobs. rather than highly motivated 
and especially talented groups. is widely viewed 
48 Counterpreductive. For instance. Barnet A. 
Wolff, In 8 letier to Datamation (Sept. 1, 1871, 
P. 13) says @ particular program 


“remaine ineffficlent, probably because af 
1BM's unfortunate habit of using tralnees 
fresh out of school t write thelr 

systeme code." 


There may aleo be something in the way that 
projects are Initiated and lald out from the top 
down, rather than acquiring direction from 
knowledgeable people at the technical level, 
that creates a tendency toward perfunctoriness 
and clunky etructure. 


Thus there may very well be no Intentional 
policy of unnecessary complication (see Box. 
"IBM's Control"). But the way In which gosls 
are eet and technical decisions delegated may 
generate this unnecessury complication. 





WHE CATON, INEIDE SYoRY 


Tt le unfortunate thet Rodgere' 
remarkable book does not follow the 
details of JBM's computer designe and 
polltics in the campuler age, |... 
since 1055. Later work, perhaps 
helped by eome Pentagon Papere, will 
have to relate the decision processes 
that occurred In this unique national 
Institution to the eysteme ii has 
preduced end the stamp |t has put 
on the world. 













QUICK HISTORY 
oF LBM 


IBM appeared in 1911 as the con- 
solidation of @ number of small companies 
making light equipment, under the name 
C-T-R Company (Camputer-Tabulating- 
Record). This was prophetic, consid- 
ering how aplly it described the com- 
pany's future bueiness. and especially 
prophatlc considering that today's 
stored-program computer was undreamed 
of at that time. 








According to William Redgere' 
definitive company biography Think, 





dashing entrepreneur and former gun 
runner to the South American republics, 
who In his shrewdness brought in to 
run the company an Incredibly talented, 
fire-breathing and self-righteous Indl- 
vidual named Thomee J. Wateon, even 
though Watson at that time was under 
prigon sentence for his practic 
at another well-known company. The 
sentence wag never served. and Watson 
went on lo preside for many years 

over a corporation to which he 
he unique stamp. 











Wateon arieee from the pages of 
Think ae @ sanctimonious tyrant, 
hard ee nails yet reverently principled 
in hie worde; the pillar of fervid, 
aggressive corporate pisty. 





18M was totally Wateon’s 
creation. The company became what 
he admired in othere, @ mechaniem 
totally obedient to hie will and imple- 
menting his forceful and inepiringly 
rationalized convictions with alacrity. 
Ae the Church |e sald to be the bride 
of Christ. 1BM might be charactarized 
Bride of Watson, molded to the 
styles of demandingness. praesure, 
efficiency and pletism which eo cher- 
acterized that man. But the ideas 
flowed from Watson alone, except for 
8 few confidantes who received hie 
nod. The company is vastly bigger 
now, and slightly more colorful. In a 
muted sort of way: but it (s still the 
suff and deadly earnest battalion of 
his dream. 






Becouse of Watson's background 
alesman, ha mado Sales the apex 
of the corporation. The salesmen had 
the most prestige within the company 
and could make the most money; below 
that was administration. below thal. 
technical etaff. 





Watson eliminated the meat-slicing 
machines, and pushed the product line 
based on punched carda developed by 
IBM's (iret chief engineer, Herman 
Hollerith. According to Rodgers. It 
wae impetus from the Depreselon, and 
the new bookkeeping requirements of 
Roosevelt's remedies, that skyrocketed 
the firm uniquely during the depths of 
general aconamic catastrophe, ti) 
Watson came to draw the highest salary 
of any man In the nation. In 1934 his 
Income was $364,432 (Will Rogers, not 
the author of Think, was second with 
$324,314). Watson had neatly arranged 
to gel 5% of IBM's net profit. 

















While 15M participated in the 
creauon of certain early camputers. it 
ia Intereoting that Walson dlamissed 
Eckert and Mauchly when they came 
around after World War Il tring to get 
backing for thelr ENIAC design. in 
certain ways the fret true electronic 
computer. Eckert and Mauchly went 
to Remington Rand, end the resulting 
Univec was the first commercial 
computer. 


However, IBM bounced back 
very well. If there was one thing they 
knew how to do It wae sell, and when 
they brought out thelr computers It 
wee practically clear galling. (The 
Univac I was the first of many compu- 
ters to ba delayed and boggled In the 
compleuon af its saftware, and thie 
conelderable eatback helped 1BM get 
the lead very quickly; they have 
never lost {t eince.) 





In the early elxties the 186 7090 
and 7004 were virally unchallenged 
ae the leading scientific computers of 
the country, But IBM In the late oix- 
Ues almost relinguiehed the fields of 
very big computere and time-sharing 
to other companies, and thelr compu- 
tere are not regarded ae Innovative. 
Nevertheless, [BM's Syeteme 360 and 
370, deepite various criticiems, have 
been very euccaseful; thousande of 
them are in operation around the globe, 
far mare than all their rivals’ big 
computers all put together. This des- 
pite the fact that some of these aysteme 
have failed. Including the big Modal 01 
{an economic fallure) and the TSS/360 




















They have from ume to ime 
been accused of unfair tactics. and 
various antitruet and other actions 
(see "Legal Milestones" box) have 
required IBM to change Its arrange- 
ments In various ways, One decree 
required them to sell the computers 





that before they had only rent 
another decision, to. "unbundle 
sell computers separately from their 
programs (previously "given" away 
with the computers they ran on), Is 
widely believed to have prevented 
government acuon on the same 
matter. Showing charactertelic 
finesse. 1BM thereupon lowered the 
computer prices almost impercepUbly. 
then slapped heavy price-tage on 

the programe thal had previously 
been free. 








Recent moves by the government 
have auggested an especially serious 
and far-reaching anti-trust suit ageinst 
18M, poselbly one that might break the 
company up. with its separate divisions 
golng varloue ways. However, in 
today's climate of cozy relauione be- 
tween business and government, It ia 
hard to imagine that such matters 
would not be settled to IBM's liking. 
Thie lends a curlous tnt to a remark 
one IBM pereon haa made to the author. 
to wit, that maybe IBM wants to be 
broken up. That might be one way of 
Teducing the unwieldineas and Inter- 
dependency of ita product Une; in 
addiuon to reducing its vast. under- 
utillzed personnel base. (Another 
angle: Acting Atlorney General Bork 
hae expressed the view that [BM la 
big only becauee its products and 
management are wonderful. so the 
anutruet case may simply evaporate 
during the rump days of the Nixon 
incumbency .) 

















An Interesting aspect of [BM publicity Is Its stress on status. 
Publicity photographs often show a subordinate seeking advice 
from a superfor. [BM ade appeal to the corporation president 
in all of ua-- elther Gaing It Alone (taking a long walk over an 
Bxecutive Decision) or soberly directing a lesser employee. 

In one extraordinary case, we eaw worshipful convicts al the 
feet of a Teacher Implaualbly situated In the corner of a prison 


yard. 


1. ‘One machine for all purposes, business and scientific.’ 
(Thus the name""360," for the “full circle’ of applications.) 
By "business" this mainly meant decimal, at four bits a digit. 
Actually this meant grafting 4-bit decimal hardware to an other- 
wise normal binary computer, and making both types of users share 


the same facility, 


_2. ‘Information storage and transmission will be stan- 
dardized.' The 360 was set up to handle information 4 bits at 
atime, 8 bits at a time, 16, 32, and 64 bits at a time. (The 


The S60 and Standardzstion 


J IBM announced a number of worthy objectives when the 360 . 
line was announced in 1964, IBM should certainly be thanked for 
at least their lip service to these noble goals. 
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360s will all look alike to the program; thus programs 
can be moved freely from machine to machine.* 


Unfortunately this compatibility has been undermined by 
numerous factors, especially the variety of operating systems, 
including half a dozen major types, and the language processors, 
intricately graded according to computer size. Doth these fac- 
tors tend to make changes necessary to move programs between com- 
puters. While one effect of this "standardization" has indeed 


been to facilitate the moving of programs from small computers — 





preceding standard had been 6, 18 and 36 bits at a time.) 


In their 360 line, IBM also replaced the industry's stan- 
dard ASCII code with a strange alphabetical code called EBCDIC 
("Extended Binary Coded Decimal Information Code"), ostensibly 
built up from the 4-bit decimal code (BCD), but believed by* 


hard to move from a bi 
useFulness of this a 


to big ones, a more important effect has perhaps been to make it 
computer to a smaller one. Note the 
pparent paradox to IBM's marketing. 


The secret of it all, of course, Lies in IDM's keen under- 
standing of how to sell big computers. The comptroller, or 
somebody like him, generally makes the final decision; and if 
he is told that the one computer will run "all kinds" of pro- 
grams, that naturally sounds like a saving. Shades of the F- 


cynics to have been created chiefly to make the 360 incompatible 111. (Businessmen’s trust and respect for IBM is discussed 
elsewhere in this article.) 


with other systems and terminals. 





THE BiG QUESTIONS 


Between the trade press and dozene of acquaintances 
In the fleld, almost everything I hear about IBM and Ite 
products le negative (say five or ten to one)-- except from 
people who work or have relatives there. 








Perhaps it's juat sour grapes. Or the authority- 
hating character of research types. Or selective reading. 


Or perhaps there really fe something sinieter. 
The major questions are these. 
1, How clean Js their caleamanehip? 


2. Are thelr eyetems unnecessarily difficult or 
cumbereome on purpose? 


3. How deep |e thelr systam of entrapment and 
farced commitment of the customer? How 
necessary are the de-standardizations and 
the constant changes? 





4. Do they have a final liberating vision? Do they 
really, after all, intend to bring about a day 
when life is easler for people? When the 
difficulties of present-day computer systems. 
eepecially theirs, wither away? [ think that 
history's judgment on [BM in our time 
may narrow down to thet simple question. 





Gn thie light it Is not hard to understand 
IBM's stand on software copyrights ve, patents. 
IBM 1s agalnet programs being patentable, which 
would cover absiracted properties, but argues 
In favor of copyright, whose protection ls 
probably more limited to the particulara of a 
given program. If they have their way. it would 
be ured Uhat IBM could use any Ingenious 
New programming ticks without compensation, 
whereae all unnecessary complicatione of bulky, 
cumbersome software would be covered In 
entirety by copyright.) 





Finally, it haa not been demonstrated that 
IBM has any generel ability to make systems 
conceptually elmple and easy to use. (Two 
good examples of hard systems are the Mag 
Tape Selectric and Datatext-- easy for program- 
mers, but hardly for secrelariee.) There seems 
to be no emphasie on elegance or conceptual 
simplicity at IBM. Those who adopt such a 
Philosophy (euch as Kenneth Iverson) do so 
on thelr own. 


As mentioned earlier. thie hae something 
to dd with the fect that individuals generally 
use IBM's eysteme because they have to, being 
employees or clienta of the firme that rent IBM 
equipment, 60 there Is no impetus to design 
programa or systems to run on simple or clear- 
minded principles, or drese oul intricate systems 
80 they can be used eaally. 


4, THE IMAGE. 





It le hard to analyze imagee, corporate or 
personal. They are often received In such differ- 
ent waye by different populations. But there may be 
@ commonality to the IBM Image as generelly seen. 
The Image of IBM Involves some kind of cold magic. 
a brooding eense of sterile efficiency. But other 
things are percolating In there. If we slide that 
connotation of efficiency aeide, the IBM Image 
seems to have two other principal camponents: 
authoritarlaniem and complacency. It Is this mix- 
ture that longhalre will naturally find revolting. 
Thie same combination, however, may be exactly 
whal lt fe thal appeale to business-management 
types. 


LP YOU REALLY WANT IT... 





you can get character-by-character 
responding systeme on [BM computers. 
The new Stock Exchange system uses a 
"Telecommunications Access Method" 
permitting non-IBM terminale to reepond 
character-by-character, just as ayetene 
for non-camputer-people should . 


Trying tw use this input-output 
program on your local IBM camputer Ie 
another problem, though. Aaide fram 
program rental costs, there Is the prob- 
lem of Its compatibility with the whole 
line of IBM software. Adaptations and 
reprogramming would probably be 
necessary up and down the Une. J 


THE FUTURE 
What will [BM do next? 


Speculation is almost futile, but necessary 
anyhow. The prospects are fascinating if not 
terrifying. 


No one can ever predict whal IBM will do; but 
trying to predict IBM's actions-- IBM-watching is 
something like Kremlin-watching-- ts everybody's 
hobby In the field. And Ite consequences affect 
everybody. With 6o many things poselble. and 
determined only in the vaguest way by technical 
considerations, the question of what IBM chooses 
to do next le pretty ecary. Because whatever 
they do we'll be stuck with. They can design our 
llves for the foreseeable fulure. 


We know that In the fulure IBM will announce 
new machines end systems, price changes (both up 
and down) in fascinatng patterns, rearrangements 
of what they will “support.” and changes In the 
contracts they offer (see box. "IBM's Control") - 
Occasional high-publicity speeches by IBM high 
officers will continue to be watched with great care. 
But mainly we don't know. 


IBM's slick manufacturing capabilities mean 
that practically any machine they wanted to make. 
and put on a single chip, they could. and ine 
very short Ume. (The grapevine hae it that the 
Components Division, which makes the computer 
parts, has bragged within the company thal it 
doesn't really need the other divislons any more 
-+ it could just put whole computers on teeny 
chips If it wanted to.) 





In this Ume of the 370, things ere for the 
moment stable. The 370 computer line ie stlll their 
maln marketing thrust. Having sold e lot of 370 
computers (basically sped-up 360s), thelr idea ia 
at the moment to sell conversion jobs to adapt the 
370 10 run the new “Virtual System" control pro- 
gram (VS or OS/VS or various other names). This 
syetem (which is. Incidentally, widely respected) 
makes core memory effectively much larger to 
programs that run on it. Thie effectively encour- 
ages programmers to use tone of core, by means 
of virtual memory; eesentally getting people in 
the habit of programming ae if core were infinite. 
This extension of apparent memory elze distracts 
from any inefficlencies of both locally written pro- 
grams and IBM programs, thus tending to incr: 
use and rental charges. 








When that markeUng impetus runs out we'll 
see the next thing. 


The other new IBM Initiative ls with smaller 
machines, the System 3 and Syatem 7, being pushed 
for relatively small businesses. That is where they 
see another new markel. How easy and useful thelr 
programa are In thie area will be an Important 
question. 





With the Syetem 7, a 16-bit minicomputer 
for $17,000, IBM has at leet genuinely entered the 
minicomputer market. (Balancing Ite speed and 
cost against comparable machines, we can figure 
the IBM markup as being about 50%, which le 
typical.) 


In addition, it ls rumored that IBM might 
put out a tiny business mini, to sell out of OPD. 
(Datamation, Dec 72, 138.) But really, who knows. 


In addition to this huge-memory strategy for 
its big machines, and the starting foray Into spe- 
cialized mini systems, there Ie the office strategy 
and "word processing." 





IBM hee conceptually consolidated ite 
various magic-typewrlter and text services under 
the name of "word processing.” which means any 
handling of text that goes through thelr machines. 
Thie superficially unites thelr OPD efforts (type- 
writers and dictation machines) with thinge going 
on in DPD, such ae Dalatext, and allaye inter- 
divisional rivalries for awhile. Also, by streas- 
ing the unity of the subject matter, It leaves the 
door open for later and more glamorous InitiaUves, 
such as hypertext systems (see “Carmody‘s System." 
filp side) . 


In other words, the foot is in the door. Mr. 
Businessman hes the idea that automatic typing 
and things like that are IBM’s special province. 


of 


Few firms anywhere have the confidence 
to advertise generically a product which 
Js made by others as well, as in IBM's 
"Think of the computer as energy” series. 


SHOULD INDIVIDUALS FEAR TBM 7 


Even If lt ja true, as Anonymous says (see Bibllography ) 
that IBM Intimidates people and keeps Its enemies 
from getting Jobs at IBM-oriented establishments, 


that's not the end of the world. 
Grosch, Gould, Nodgers and McGurk are elive and working. 
Extramure) harassment like that employed by GM against 
Nader, for example. hes not been reported. 





END OF THE DINOSAURS? 


To a very great extent, IBM's compuler 
merket is based on big computers run In batch 
mode, under a very obtrusive operaling system. 


Many people are beginning to notice, though, 
thal many thinge are more aensibly done on small 
computers than on big ones, even in companies 
that have big computers. That way they can ba 
done right away rather than heving to wait in line. 
Is this the mammal that will eat the dinosaur eggs? 


On the other hand, a very unfortunate trend 
is beginning to appear. an implicit feud within 
large organizations. which may benefit IBM's big 
computer approach. Those who advocate mini- 
computers are being opposed by managers of the 
big computing installations. who see the minis 

as threatening thelr own power and budgets. This 
may for a long time hold the minis back, perhaps 
with the help and advice of computer salesmen who 
feel likewise threatened. But there will be no 
holding back the minis and their myriad offspring, 
the microprocessors (see p. 44 ). And the inroads 
should begin soon. 


(Others ara growing to know and love true 
high-capacity time-sharing aa a way of life, ike 
that offered for DEC, GE and Honeywell machines. 
This, too, may begin to have derogatory effects on 
IBM's markets.) 


Finally, it must be noted that almost all big 
companies have compulers, usually IBM computers, 
and so an era of marketing may well have ended. 

It may be possible for IBM to go on selling bigger 
and bigger computers to the customers who already 
have them, but obviously this growth can no 
longer be exponential. 





A GROSCH T Realy 


Herb Grosch, now editorial director of Computerworld. is perhaps 
IBM's woral enemy. Once he worked for old man Watson, and was the 
only 1BM employes allowed to have a beard. Now, among other things. he 
gives speeches and testimony wherever possible about the Menace of IBM, 
at conference! it governmental heerings,. and In lettere to editors. 





Yet IBM's mein computer sales strategy today is to elrese the advan- 
tages of big computers with lols of core memory (and persuade you you 
don't want highly Interactive systeme or independent minicomputers) . 


And the fundemental rule stating the advantages of big computere 
is called Grosch's Law, formulated years ago by none other. See p. 


A LITTLE GEM FROM THE [BM SONGBOOK 

(Who says IBM dogen't encourage individualien? 
To the tune of "Pack Up Your Troubles 
In Your Old Kit Bag.) 





"TO THOMAS J. WATSON, President. [BM" 


Peck up your troubles-- Mr. Watson's here! 
And amile, smile. smile. 

He (s the geniue {n our IBM 

He's the man worth while. 

Ho's Inspiring ull the time, 

And very versatile-- oh! 

Me is our strong and able President! 

His amile‘s worth while. 








"Great organiser and « friend so true.” 
Say all we boys. 

Ever he thinks of Lhings to eay and do 
To increase our joys. 

Ho le building every day 

In his outstanding atyle-- 60 

Pack up your troubles, Mr. Wetson's ber 
And Smlle-- Smile-- Smile. 











(As a nostalgic public service 
Advanced Computer Techniques. Inc., of 
Boston, way LPs of 1BM songs at the 
"89 SICC. They might just have some left...) 








“THERE IS A WORLD ELSEWHERE.” 
-- Corlolanus 


‘There in no way to escape [BM enUrely. IBM 
mediates our contacts with government and medi- 
cine, with Ubraries, bookkeeping eyatems, and 
bank balances. Bul these Intrusions are still lim- 
tied. and most of us don’t have to live there. 





There are many computer people who refuse 
to have anything to do with IBM systems. Others, 
fol so emphaulc. will tell you pointedly that they 
prefer to elay as far away from 1BM computers 
as possible. Lf you ask why, they may tell you 
they don't care to be bothered with restrictive, 
unwieldy and unnecessary complications (the JCL 
language ‘e usuelly mentioned). Thie ie one 
Feason that quite afew people stick with minicom- 
puters, or with firme using computers of 
other brands. 





It ba possible to work productively in the 
computer fleld and completely avoid having to 
work with IBM-style systems. Many people do. 





IBN LEGHL MILESTONES 


The famous Cansent Decree of January 1956. (In a consent decree. 


NEW CHIPS... 


1BM can put pretty much anything on 
chip, to make a functioning machine the size of @ 
postage slamp: but 60 can a lot of other companies. 








The quastion really becomes whether what 
Goes on thal chip is « worthwhile machine thal does 
what people want, 


.-.BUT THE SAME OLD BLOCK? 
1 is by no means clear that IBM has any 


genaral ability to make computer systams easy to 
ue 





This is a psychological problem. 


Ave corporation they are used to designing 
@yateme that people have to use by fial. and must 
be irmined to use. contributing to the captivity 
and inertia of the customer base. Thus the notion 
of making things deeply and conceptually etraight- 
forward, without epectal Jargon or training. may 
not be a concapt the cumpany je reedy for. 





But what we're waiting to he 


re 
SOME DIVISIONS OF IBM you may haar about 





opp Office Products Division. Typewriters, copiers. 

DPD Data Processing Division. Computers and accessories 

Fsp Peters! Systems Divielon. Big government contrac 
NASA stuff. and who knows what. 

aspD Advanced Systeme Development Division. Very secret. 


Components Divieton. 


Makes parte for the other guya, Including Integrated circulte. 


SRA Science Rasserch Associates, Chicago. Publishes textbooks 
and learning kite. 
Watson Lab 


T.J. Watson Research Laboratory, Westchester County. 


orth of New York City. Theorstical and lookahead research. 


Unbundling decision, Iste 


The Telex Decision, September '73: Telex Corp. of Tulaa wi 


an accueed party admits no gullt but agrees t behave in 
certain ways thereafter.) In response to a federal snu-trust 
sult, IBM agreed 10: 
el] ap well as lense its computers, and repair (hose 
owned by others: 
permit attachments to ite lessed computers; 
nol require certain package deals: 
license various patent 
not buy up used machin 
end gel oul of tha business of supplying computer 
services. |.8.. programming and hourly rentals. 














ixties. While this was nol a government 
action bul a an Internal policy decision by the company. it some- 
how had a public-relations appearance of official compulsion. 
Besel by pressures from makers of look-alike machines, users of 
competitive equipment. and the threat of anu-trust action, IBM 
decided to change its policy and sell programs without computers 
and computers without programs. Delight amongst the industry 
turned to chagrin as this became recognized as a price hike. 








warded 
$352, 500.000 In triple damages (since reduced) for losses attributed 
to IBM's "predatory" pricing and other marketing practices 
Much more important. {BM was required to disclose the 
detatled electronics required to hook things to thelr computers and 
accessories within sixty deys of announcing any. This was a great 
relief for the whole industry. Essentially it meant [BM could no 
r dictate whal you altach (o their machines. Unfortunately. 
{Ute not clear whether this will stand. 




















about ie whether the Nixon Justice 
going to press the big anti-trust suit 
which hes been long brewing. at the persistant request of other 
firme in the industry. 








“THINK OF THE COMPUTER AS ENERGY.” 
says a recent series of IBM ads. 
But In terms of monopoly, price, and 
the world's convenience, there would 
seem only one way to complete the 
analogy, viz.: 


“THINK OF THE COMPUTER AS ENERGY. 


"Think of [BM as King Fuisal.” 


FOLyING OF THE 
UBM UM BRELA 


For « long ume, during the 
sixUes, IBM's high prices provided 
an environment that made it easy for 
other companies to come Into the field 
and sel} computers and peripherals. 
These high prices were referred to on 
“the [BM umbrelle.< 


However, this ore has ended. 
IBM now cute prices in whatever areas 
t's threatened. A brief Nourishing of 
compenies making add-on diek and 
core memories for [BM camputers hes 
become precerious; not only will [BM 
now cut prices, but they have shown 
themeelves still disposed to invent new 
restrictive errengements (the recent 
“virtual mamory" announcement for 
the 370 claimed that the program 

will only work on 1BM disk and core). 
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‘The IBM Songbook, any year-- they haven't been 
Inyued aince the fifties-- ie definitely a 
collecuble. 





Digitel Equipment Corporation, in response 57 
to the "Energy Crisis” of 1873, didn't turn out 
their Christmas tree. Inetead they hooked it up 
to a water wheel they happened (o have. Typical. 


| 
‘te Cupier fox f Thie policy has made for slow but steady 


Conpeter Cnpeny growth. In effect, Digital buill a national cus- Kuow Your 


(MIT's LINC. 











tomer base among the most sophisticated clients. 12 bi.) 
The kide who as undergraduates and hangers-on PDP-1 f 
bullt Interfaces and kludgey arrangements. now (8 bits) Ss 
a8 project heads bulld big fancy systems around PDP-4 
DEC equipment. The places that know computers (8 bits) 
usually have a variety of DEC equipment around, PDP-5 | 
usually drastically modified. | (2 bits) Hl 
th | | PDP-6 
e PD People Because of the great success of Its small x i (oh bieey ' 
computers, especially the PDP-8, even many com- 1965 ji 
puter people think they only make small compu- | 
The computer companies are often referred ters. In fect their big computer, the PDP-10, le PDP-7 | 
to in the field as "Snow White and the Seven one of the most successful time-sharing computers. { POP-6 
Dwarfe"-- a phrase that stays the sume even as An example of its general esteem in the Meld: It | 
the lesser ones (like RCA end General Electric) is the host computer of ARPANET, the national PDP-9 | ae 
get out of the business one by one. The phrase computer network among scientific installstions ! | pore LINC-8 
sugwests that they're all alike. To an extent; funded by the Department of Defense; basically i { (two pro 
but there le one company sufficiently different, this means ARPANET is a network of PDP-108. | fort Rees 
and Important enough both In ite history and {ts PDP-14 l PoP-a begat 
continuing eminence, to require exposition here. DEC's computers have always been designed Undustrial { for either.) 
Thie 1s Digital Equipment Corporetion, usually by programmers, for programmers. This made control vine ‘ 
“pronounced "Deck," the people who first brought Tor considerable suspense when the PDP-11 did boxes) PDP-6a 





out the minicomputer and continue to meke fine 


not appear, even though the higher numbers did, , 
@tuff for people who know what they are doing. 


and the grapevine had it thet the 11 would be 
a alxteen-bit machine. It proved to be well 
waiting for (see p. 22), and has since become 
the standerd sophisticated 16-bIt machine In the 
industry. 


PDP-12 
‘ 

Other computer companies have mimicked PDP-8e 
1BM, They have bullt big computers and (ried 
to sell them to big corporations for thelr busin 
data processing, or big "scientific" machines and 
tried to sell them to sclentia 








(There were no PDP-2, 3 or 13.) 





An area DEC has emphasized from the first 
has been computer display (dlacussed at length 
on the flip side). Thus it is no surprise that 


their interactive animated computer displey, the Whst 1s aPpr? 
GT40 (see p. Dy) is an outstanding design and 7 = 
DEC's trade ame fora conpiter. 


success. (And the University of Utah. currently 
pr ceennes 





DEC went about it differently, always de- 
signing for the people who knew what they were 
doing, and alwaya going to great lengths to tell 
you exactly whal thelr equipment did. 


(16 bits) 
(Modela: 5,20.40,45 











the mother church of computer display, rune lis 
graphic syateme from PDP- 10s.) 





Firat they made cireulle for people who 
wanted (o tle digital equipment together. Then, 
since they had the circuits anyway, they manu- 
facturead @ computer (the PDP-1). Then more 
computers, increasing the line slowly, but always 
telling potential users as much es they could 
poasibly want to know. 





——— 
In this plucky, homespun company, where 
even president Olsen is known by his first name 
(Ken), it is understandable that marketing plzazz 
takes a back seat. This apparently was the view 
of a group of rebele, led by vice president Ed 
deCastro, who broke off in the late sixties to 
tart a new computer company around a 16-bit 
computer design called (he Nova-- rumored to 
have been a rejected design for the PDP-11. The 
company they started, Data Generel. has not been 
afrald lo use the herd sell, and between their 
hard sell and sound machine line they've seriously 
challenged the parent company. 


I'm not getting any favors from DEC. I'm 
just saying eboul them whet people ought to 
know, 


However, | do have grateful recollections 
of the warmth and courtesy with which people 
from Digital Equipment Corporation have taken 
pains to explain things to me, hour after hour, 
conference after conference. 


The same for ite manuals. People who 





wrote for information from Digital would often 
gat, not 4 summary sheel referring you to a local 
sales office, but a completa manual (say, for 

the PDP-8), including chapters on programming, 
how to bulld Interfaces to Il, and the axact 








In the early sintles they had one man in 
one small office to service and sell all of New 
Jersey and New York Clty. But that one guy, 
Dave Denniston, epent considerable time respon- 
ding to my questions and requests over a period 
of a couple of years, and in the nicest possible 
way, even though there was no way I could buy 
anything. You don‘t forget treatment like that. 





especially In universilies and research eo 
Mehment arted building thelr own. Their 
own inlerfeces, thelr own modifications to DEC 
computers, thelr own original systems around 
DEC computers. 


But Digital marches on. the Ceriputer Fan's 
computer company. If IBM is computerdcm's 
Kodek. whose overpriced but quile reliable goods 
have various drawbecks. DEC is Nikon, with u 
mix-and-match assortment! of wliat the hotshots 





















want. That's pluralism for you. 
PERIPHERALS foR POUR Mut! wa ict erate MAGNENC RECORDING MEDIA 
ean Store and recall seme 100 
Some kinds of peripheral devices, or con- "bira' of informatio . A 
puter accessories, are always necessary. Only TIMB, 14 Jan 74, 50. Any nuaber of different magnetic devices 





are used for mass storage of symbolic (digital) 
information; each has its own medium, or form 
of storage. 


through Peripherals can you look at or hear 
results of what the computer does, store quan- 
tities of inforhation, print stuff out and 
whatnot. 


Piff€le. That's the overall size of the 
memory, which is utterly independent 
of the sophistication or general power 


of the computer itsclf. The ones which are removable {called “re~ 


Trying to print lists of available stuff movable media") are 6€ a1] sorte. 
here is hopeless. There are thousands of 
peripherals from hundreds of manufacturers. 

If you buy a mini, figure that your peripherals 
will cost $1500 (Teletype) on up. But mainten- 
ance (see p. SC ) is the biggest problen. If 
you buy peripherals from the manufacturer of 
the computer, at least you can be sure someone 
will be willing to maintain the wnole thing. 
(Independent peripheral manufacturers will 
often repair their own equipment, but nobody 
wants to be responsible for the interface.) 


srillion-bit memories are available, and you 
could put one on a machine as small as 
a PDP-8, 


EFFECTIVELY STANDARDIZED BY IBM 


3/4-inch magnetic tape. 
Pre-1965: 6 tracks dat. 
Post-1965: @ racks dat. 
2741 disk 
Stack of removable platters size of a 
layer cake. 
1930 disk 
Same but bigger cake. 
disk cartridge 
Plascic case, size of coolie hat, en= 





1 track parity. 
1 track parity. 










ie's just a 
DECtape drive, 
upaide doun. 





re you want @ list see “Table of Mini- 
peripheral Suppliers," Computer Decisions, 
Dec 72, 33-5; more thoroug poop is offered 
by Datapro Research Corp., 1 Corporate Center, 
Route 38, Moorestown NJ 08057. 





As to the serious matter of disks, an ex- 
cellent review areicls is" 
nicomputer Applications," Computer Design 
June 1973, 55-66. This reviews both principles 
of different types of disk drives, and what 
Various manufacturers offer. 








Also helpful on disks and tapes: "Making 
a Go of Ministorage,” by Linda Vermer. Com- 
74, 32-38. Best recent 





puter Decisions, Feb 
survey. 


Sur@ly nobody can ri 





bridge, Massachusetts 02139. 


The Turtle is a sort of cai 
takes @ pencil down the midd: 














drive for the ll. 
Host auch devices go 

at 30 spins a second, 
or 1800 rpm. The heade 
that read and urite 
information are on 
moving arme that have 
to be poettioned on 

the different tracks, 
(Some dieke have a head 
for every track, which 
cosets more.) 


If you have diek drives 
($5500 each) you need a 
controller (35500). Sigh. 


YouR TURTLE AND AUSIC Box 


ist the peripherals offered 
by General Turtle, Inc., 545 Technology Square, Cam- 


role on wheels that 
Attached to your 
computer, it can be programed to ramble around drav- 


ing pictures, or just 40 wheelies on the parquetry. 


$890. 


‘Then the Music Bom is $600. 


Te sings in four 


volces, enough for a lot of Vivaldi, doen five octaves 


ard looks to the computer like a Teletype. 


They will 


play you samples on the phone (617/661-3772). 


For either of these you need a Controller (51300). 


<> 


SS 


Diek cartrt. 
this model 








2@ for 
drive. 


The brown-coated diak 
iteels is hidden in the 
plastic case. MNever- 
thelese, they sometines 
get ecratched or break. 
A disk costs $75 and 
holde up to 2,400,000 
characters of infor- 
mation (1,2 millton 
PDP-11 words, which 

are 16 bits each). 


TYPICAL 
PERIPHERALS 


Jt 
ask 6 ag ny 


BRAILLE 


No joke here. 










A small line p : 
Prints some 500 lines 
a minute (faster i; 
the lines are narrow). 
Price around $15,000. 


( Of wurse, 


nafs axe 


persphers ty teo,) 


vas gt fm bere, 








A card reader. oe hud 
pulses to tie vonputer 
based on the holes 

puncaed in the cards. 


People are still making 
Braille copies of things by hand. 
to do it is by computer 


But the way 
the machine can punch 


out new coplea of whatever's stored in it, 


repeatedly. 


from Honeyvell. 


A Braille-punching adapter kit is avail- 
able for the plain 33 Teletype, I believe 


A eimilar adapter kit for IBM‘s System 3 


is available from IBM. 


(it Le of interest that an 
Mocers’ TRAC Language was with 


rly use of 
‘aLlle conver- 





closing disk. 

floppy disk 
Plenible, card-thin digk enclosed in 
aquare 8" envelope. 

data cell (not very common) 
Plastic strips pulled out of wedge- 
shaped tubes arranged In a rotating 
cylinder. Strip te pulled out of this 
carousel, whipped around a drum to make 
temporary drum memory, returned to case. 








EFFECTIVELY STANDARDIZED BY OTHERS 


L1NCtape 
3/4-inch tape on a 4-inch reel (fits in 
pocket), specially coated against tric~ 
tion, developed at Lincoln Labs for LINC 
computer (see p. 41). 

DECtape 
Same size and reel but differently for- 
matted for DEC eachines (varies with 
model). Very reliable. A personal fav~ 
orite of many programmers. 

JM CARTRIDGE 
The Scotch-tape people say the camsatte 
is unreliable, and offer as an alterna 
tive a belt-driven quarter-inch baby, 
costing maybe $1000 without Interface. 

CRAM (Card Random Access Memory)-- rare 
Big pleces of plastic (about four inches 
by two feet) pulled by notches out of a 
cartridge and whipped around a drus. 
National Cash Regist 











HARDLY STANDARDIZED AT ALL. 


“cal tte. 





bt Philips-type audto-type cas 
Vaed by various msnufacturere in 

varlous ways. Syk Sycor, DEC, Data 

Genera} and others have separate, and us- 


ually incompatible, ayatems. 





You never know what you'll sea nent. In 1969 
one firm announced a “high-density read-only 
memory device" which anyone could see was a 
plain 45 RPM phonograph-- but with digital 
ectronice. And it made sense. But Lt does 
seem to have caught on. 
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Suyaroy 


Is an imposing term which mesns almost anything. 
Basically. “almulation" mesne any activity thal 
Fepresenis or resembles something. Computer 
eimulation ls using the cumputer to mimic some- 
thing real, or something that might be, for any 
purpose:’ to understand an ongoing process bener, 
OF lo see how something might come cut in the 
future. 


Here again, though, tha Science myth steps 
in tw aystity this proceas, as though Ihe mere 
use of the computer conferred velidity or some 
xdna of truth. 


(On TV shows the Space Voyagers stand 
in front of the “computer” and eak in firm. unnal- 
uraly loud voices what wil} be the results of so- 
and-ao. The compuler's oracular reply te infal- 
Uble. On TV.) 


Lat thers be no mystery about this. Any 
use of # data structure on a what-if basis le 
Slorulstion. You can simulate in detall or crudely; 
your «imulatian can embody any theories, sencible 
or srupid; and your resulls mey oF may not cor- 
Feepond te reality. 


‘A “computer prediction” is the outcome of 
4 simulation thet someone, evidently, is willing 
to stand behind. (See “computer election predic- 
tons." p. 65.) 








Thane poinis have to be streased because 
Uf there Ls one computer activity which is preten- 
Hously presented and stressed, it (s simulation, 
Repectally (o naive clients. There is nothing 
wrong with simulation but there is nothing super- 
natural about it either. 


Another term which meane more or leas 
tha same is modelling. 


Im the lovee sense, simulation or model- 
Ung consists of calculations about any des- 
cribable phoenomena-- for Inatance, optical 
equations. In optical modelling (and this le how 
they design today's greal lenses), a data struc- 
ture is created which represents the curveture, 
etc. of the separate glassea In a lens. 
lating” the pathe of Individual rays 
of ight through that lens, the computer progrem 
teste that lens design for how well the rays 
cume together, and a0 on. Then the design Ie 
changed and tried again. 














Another type of simulation, an important 
and quite distinct ane-- is thet which represenis 
the complex interplay of myriad unite, finding 
out the upshots and comsequences of Intricate 
Premises. In traffic simulations, for instance, 
tt Ln easy enough to represent thousande of care 
in a data structure, and have them “react” 

Uke drivers-- cruating very convincing (rafflc 
Jama, again represented somehow within the 
data structure. 


Basically simulation requires two things: 
& Fepreseniation, or data siructure. thet somehow 
Teprvsants the things you're simulating In the 
aspects thal concern you: and then a program 
dows something to these data, thet la in some 
way like the process you're concerned about 
acting on the things you're modelling 
event of significance 
must somehow leave i 









race In the date structure. 


The Une between eimulation and other pro- 
gramming is not always clear. Thus the calcu- 
latlan of the furure orbits of the planets could be 
called "almulationa.” : 


The mast intricate cases, though, don't 
particularly resemble any other kinds of programs. 
The intricate enactments of physical movements, 
especially swarms and myrlade with mixed and 
colliding populations, are especially Interesting. 
in & recent Scientific American article, simule- 
tion helped 10 understand possible streamers 
of stare betwean galaxies aa resulting from nor- 
mal considerations of inertia and gravitation. 
(Alar and Juri Toomre, "Violent Tides between 
Oalaxiea," Sei. Am. Dee 73, 38-48.)) 





Models of complex and changing rates ore 
arother interesting type. Enacting comp 
things, whose amounle are constanlly changing 
in terms of percentage multipliers of each other, 
qound easy In principle, but thelr consequences 
can be quite surprising. (See “The Club of 
Rome." p. 69.) 


To imagine the kinds of mixed-case ayrisd 
modals now possible. we could on taday’s big 
Gompuiers model entire societies, with « exparate 
Teoord describing ¢ech idividual out of mililone, 
and specifying his probabilities of action and 
different preferences according to various theories 
s+ than follow (nrough whole societies’ Dehavior 
In terme of education, income, marriage, exx, 
Poverty. death, and anything else. Talk about 
lin soldiers and boats In the bathtub. 


Any computer language can be used for 
some kind of simulstion. For simulations Invol- 
Ving relatively few entilias. but lots of rates 

or torsrulas, good old BASIC or FORTRAN Ls 
fine. QMAGI's "Synthevision" system, which 
could be said to “slmulate” complex figures in 
@ three-dimensional space, ts done in Fortran; 





There are a number of epecial “almulation™ 
Manquages, notably SIMSCRIPT and GPSS. These 
have additional features useful, for Instance, In 
cioulating events over time, such as "EVENT" 
commands which eynchronise or draw division- 
Unes in time (the simulated ms). Simulation 
languages generally allow a great variety of 
data types and operations on them. 


The Ust-proceasing fanatics, of course, 
naiet that thelr own (wuch as LISP 
amd SNOBOL) are best. And then there's PLATO. 
(owe p!2E), whose TUTOR language Ls splen- 
did for both tarmulas end discrete work-- but 
pad Fou only 1500 varlables. total (00 bits 
each). 


The thing is. any eet of assumptions, no 
maner how intricate, can be enacted by @ compu- 
ter modal. Anything you can express exsclly 
can be carred oul, end you can see lis conse- 
quences in the computer's resdoul-- a printout, 
& screen display, or some other view Into the 
resulting data structure. 


Obviously ihese enactments (or sometimes 
"predictions") are wholly fallible, deriving any 
valldity they may have from the soundneee of 
the Initial data or model. 


However, they have another Important 
function, one which Is going to be very Impor- 
lant In education and, I hope, general public 
understanding, as computers get spread about 
more widely and become more usable. 


‘The avallabllity of almulation models can 
make things easier (0 underetend. Well-set-up 
‘almulation programa, available easlly through 
terminals, can be used as Staged Explanatory 
Structures and Theoretical Exploretion Tools. 
The user can bulld hie own wars, his own 0- 
cleties, his own economic conditions, and eee 
what follows from the ways he sels them up. 
Importanily, different theorles can be applied to 
the same setups, to make more vivid the conse- 
quences of one oF the other point of view. 


(indeed, similar facilities ought lo be svail~ 
able for Congreas, to allow them to pour a new 
tax through the population and see who suffers, 
who gains...) 


1 should point out here thal for this pur- 
pose-- Insightful Simulation-~ you don't always 
[have in mind the so-called 
"which if well designed give 
extreordinary inelghta tw the players. Alen 
Calnamer's brilllant game of Diplomacy, for in- 
tance (Games Ressarch, Boaton; avellable from 
Brentano's, NYC) teaches more about international 
politics than you could suppose possible. { am 
also intrigued by « game called "Simsoc,” worked 
out by # enclologis! to demonstrate the develop- 
mant of eucial structures from a state of random 
ereation, but [ haven't pleyed It. (Clark C. 
Abt, of Abt Associates, Boston, has also done 
@ lot of Interesting design here.) 








A last point, « very “practical” application. 
Simulation makes It possible to enact things with- 
out trying them out In concrete reality. For In 
stance, in the lens-design systems mentioned 
earller, the lenses don't have to be actually built 
to find out thelr datalled characteristics. Nor 
to It necessary 10 build electronic circuitry. now, 
to find out whether It will work-- at Jeaal that's 
‘hal the saleemen say. You can simulele any 
clrcuit from a terminal, and “messure” what It 
any time or In any part with simulaled 

Similarly, when any computer is des- 
Igned now, 
programe ere run on the 
















behaves as intended. 

hot-wire types who Insist on bullding things 
first, but one assumes that the more sensible 
computer designers do this.) 


With automobiles It's harder: but OM, for 
instance, slmulates the handling characteristics 
of its care before they're ever buill-- eo that 
designers can redistribute welght. change steer- 
Ing characteristics and so on, (ill the handling 
characteritstics come out the way the Consumers 
seem to lke. 





BIBLIOGRAPHY 


Simulation magerine ls the official Journs! of 
Simulation Councila, Inc.. the curtously- 
named society of the Simulators. It costa 
$18 a year from Simulation Councila. Inc., 
Box 2228, La Jolla CA 92037. 


For all 1 know you get annual mem- 
berahip free with thal 





many; bul thelr conference programs are 
senustional. Where eles can you hear 

pepera on traffic, blology, miliary hardwere, 
weather prediction and electronic design 
without changing your seat? 





OR OYE ey ey ey ey Ye 


THAT'S WHAT RACES HORSE ACIS 


"Simulation" means almost anything thal In 
any way represents or resembles something. 
Which le not to say I's @ useless or improper 
term, Just @ allppery one. 








Examples. Here are ways we could "simu- 
late” a horse race: 





Show dots moving sround en oval track 
on & completely random basia. and declare the 
Gral to complete the circuit The Winner, 





Assign odds to individual horses, and 
then use a randomitsr lo choose the winner, 
‘taking Int account those odd: (This ts how the 
PLATO "horserace™ game works: eae p.)A77.) 


Give conditional odds to the different horses. 
based on possible “weather conditions.” Then 
filp « coin (or the computer equivalent, weighted 
Fandomization) to test the "weather conditions,” 
and assign the hores's performance accordingly. 





Program an enactment of « horse race, in 
which the winner is salected on the basis of 


the interaction of the horoscopes of horse and 
vider. 


Create » date structure representing the 
‘hree-dimensional hinging of horse's bones. and 
the Interlaced tring of the the horse's gait. 
hie has bean done at U. of Pennsylvania on a 
DEC 338.) Then have these stick figures run 
around a track (or the data structure equivalent). 


Using & synthetic-photography system 
fuch as MAQI's Synthevision (see p.WASG), create 
the ID deta structure for the entire surfece of a 
Funning horas over time; then make several copies 
of thie horse run around s track, and make slm- 
ulated photographs of it. 


And #0 on. 





So don't be snowed by the term “simulation.” 
tt means much, tue or nothing, depending. 


OPERATIONS 
REsedkcy 


{s an extension of Simulation in a felrly obvious 
direction . 


Uf simulation means the Enactment of some 
uler, Operations Research means 
doing Tae ease saan tw try out different strat- 
‘egies. and test the most effective ones. 





Operations reseerch really begen during 
World War Il with euch problems as submarine 
hunting. Given so-and-so many planes, whet 
pattern should they fy in to make thelr catching 
submarines moat [ikely? Bullding from certain 
types of known probabillty, (ut In ereas where 
“true” mathematical snewe: were not easly 
found), operations researchers could sometimes 
find the beat ("optimal") strategies for many 
different kinds of activity. 












Basically what they do le play the situation 
out hundreds or thousands of Umee, enacting Ii 
by computer, and using dice-throwing techniques 
10 determine the outcomes of all the unpredictable 
parts. Then, after all entitice have done thelr 
thing, the program can report on what strategies 
turned out to be most effective. 


Example. In 1073 the Saturday Review of 
something-or-other printed # plece on the solu- 
tion, by OR techniques, of the game of Manopoly. 
Effectively the game had been played thousands of 
mes, the dice thrown perhaps millions, and 
the different "players" had employed various 
different strategies agains! eech other in a varying 
mix: Always Buy, Buy Light Green, Uulltes and 
Boardwalk, etc. 

















A complete solution was found, the stralegy 
which tends (over many plays) to work best. I 
forget what it was. 


Using another technique, the game of foot- 
ball wes analysed by Robert E. Machol of North- 
western and Virgil Carter. a football personege. 
Their Idea was to test various maxims of the 
game, to find out which common rules sbout 
beneficlal plays were true. What they did was 
replay fifty-elx big-league football games on a 
play-by-play desis, rate the outcomes, and see 
which circumatences proved most advantegeous on 
the average. I've mislald the reprint (Operations 
Research. @ recent year), and being totally ig- 
norant of football can remember none of the find- 
Inge. Anyhow, that's where to look. (Cfshen food, 

sefew,) 

The earlier explanation of Operations 
Research waen't quite right. IUe any systematic 
study of what works beal. Computers can help. 
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GREAT ISSUES 


Until now, the obscurity of computers 
has kept the public from understanding 
that anything like polltical issues were 
involved in their use. Hut now a lot of 
things are going to break. For instance-- 














WHITHER THE FEI? 


J. Edgar Hoover's recent death 
raised a very serious problem. What 
about all those files he had been keep- 
ing? Responsible critics of the FBI 
such as Fred J. Cook, have claimed tinat 
Hoover's policy basically consisted of 
chasing lone punks (like Dillinger, 
Bonnie and Clyde), harassing political 
dissenters, and keeping vast unnecessary 
records on timecent citizens-- thus vir- 
tually creating the vast network of or- 
gonized"crTme fn America, which stays 
off the police blotters. Thus the ques- 
tion of the FBI Succession was an inpor- 
tant one, 








The question has been answered. In 
July 1973 Nixon appointed Clarence Kelley, 
police chief of Kensas City. After the 
Previous goings-on-- for instance, Nixon's 
seouing to offer the post to Judge Byr: 
while he was presiding over the Ellsberg 
trial-- this looked to the press llke a 
staid and uncontroversial resolution, 
But was it? 








Kelley certainly is aware of tech- 
nology. It seems to be he that put dls- 
play Screens in Kansas City police cars, 
created the ALERT system (Autom: 
Enforcement Response Team) and COPPS 
(Computerized Police Planning System), 
which for your amusement ties Into MULES 
(Missouri Uniform Law Enforcement System). 
(See Melvin F. Bockelman, "On-Line Gm-~ 
puters Keeping Things Straight," which 
describes the Kansas City computer setup. 
Communications, June 73, 12-20.) Ina 
Bore threatening vein, supposedly the 
Kansas Clty department kept computer 
files on “militants, mentals end acti- 
vists." (Schwartz article, p. 19.) 

















What Kelley does is thus of interest 
tous all, The big question is wheth 
for all his concern with police auto: 
he is also concerned with the freedons 
this country used to be about. 





"HECESSITY HAS BEEN THE EXCUSE FOR 
rit INFRINGEMENT OF HUMAN FREEDOM, 
T [IS THE ARGUMENT OF TYRAYTS) 

IT 1S THE CREED OF SLAVES, 


Epmunp Burke 





MIL TARY USES 
OF Computers 


A loc ‘of people think computers are 
in some way cruel and destructive. This 
comes in part from the image of the con- 
puter as “rigid™ (see “The Myth of the 
Computer,” p, ), and partly because 
the milltary use so many of them. 





But it's not the nature of ac 
puter, any more than the nature of a 
typewriter is to type poems or death 
warrants, 





The point is that the military peo- 
ple are gung ho on technology, and keen 
on change, and Congress buys it for them. 


No way is there room to cover this 
subject decently. But we'll mention a 
few’ things. 


The Pentagon, first of all, with its 
payroll of millions, with its stupendous 
aventories of blankets and bombs and 
tollet paper, was the prime mover behind 
the development of the Cobol business 
computing languege. So a vest amount is 
spent just on computers to run the mili- 
tary e3tablishment from a business point 
of view. 


Of course that's not the interesting 
stuff, 


The really interesting stuff in com- 
puters slT-came out of the military. 
The Departnent of Defense has a branch 
called ARPA, or Advanced Research and 
Development Agency, which finances all 
kinds of technical developments with 
vaguely mllitary possibilities, 


It ls thus a supreme irony that ARPA 
paid for the development of: COMPUTER 
DISPLAY (the Sketchpad studies ‘af Lincoln 
Labs; see p.0m2>); TIME-SHARING (e.g. 
the CTSS system, see p. 45°); HALFTONE 
IMAGE SYNTHESIS (the Utah algorithms: but 
see all of pp. dy 32-34 ); and lots 
More. Some folks might say that proves 
it's all evil. I say let's look at cases. 
While they have military applications, 
that’s simply because they have appli- 
cations in every field, and the military 
are just where the money is. 





Just to enumerate a few more mili- 
tary things-- 


Command and control-- the problem 
of keeping track of who's done whet to 
whpm,, and what's left on both sides, 
ae etag ordtas Tanvgh 

It is a solemn irony thet the great 
SL Command and Control System"-- a 
grand room vith sany projectors driven 
mputer, only something like those 
ir. Strangelove® and "Fail-Safe"-- 
y be a prototype for offices and con- 
ference rooms of the future. 














“avionics"=- all the electronic 
in airpla 








ribed how wonderful it felt 
y the = which has a computer 
ing the Feel of the Controls for 


piece de: 





you.) 


"Tactical systems"-- computers to 
manage battlefleld problens, aim guns 
and missiles, scramble your voice 
various air frequencies or what 
do. 











“Intelligence’-- computers ai 
to collate Information coming in ry 
various sources. This is no simple prob- 
lem-- how to find out what 1s so from a 
tangle of contradictory information; 
chink about it, Don't think about how 
we get that information. 








“Surveillance’-- it can't all Mg 
0: 





automatic, but various techniq 
pattern recognition (see p.pw IZ) 
doubt being applied to the immense q 
titles of satellite pictures that co 
back. (Did you know our Dig Bird satel- 
llte either chirps back its pictures by 
radio, or parachutes them as Droppings?) 







Of course, the joker is that all 
thls obsession with gadgets does not 
geem to have helped us militarily at all. 
The army seems demoralized, and the navy 
losing ground to a country that hardly 
even has computers, 








QUIS CUSTODLET, Hin? 


Rooton welfare recipients have been 
tematically short-changed for at least 
14 yeare, according to Computervorid (10 
Oct 73, p. 2). 





A eystems analyst recectly dlecovered 
Chat the welfare program was not calcul~ 
ating cost-of-living increases on a cam 
pound basis, as it should hava been, but 
as a simple Increase based each year on 
an chsolets original figure. 


Rowevar, It's tao late to ask for 
refunds, ard anyway net many welfare re- 


ciplents take Computerworld. 


OUSLY 
PAAR 90k 


Not all kide' who play'with computers are 
8.1.8.7.0 








Ons euch youngster want an « highschoo! 
fleld-trip to « suburban Philasaiphia police 
Station, snd saw « demonstration of the palice 
emote Information sysiam. 


The police who were demonstrating it, 
not baing computer freaks, didn't realize how 
eimpla It was tw observe tie dial-in numbers, 
pésswords and protocal. 


When this Jed gut home, he marrily went 
to hls computer terminal in the baseman! «nd 
proceeded in enter into Philadalphla’s List af 
fost-wented criminals the names of all bis 
teachers. 


A few days Later 2 man came to his house 
from the PBI. He was evidently note reguier 
operative but a technical type. He asked vary 
olealy Lf the boy had «terminal. Then the FBI 
man asked vary nicely if he had put Lo these 
namea. The boy admined, grinning, Urai ha 
Ly rerrene (nth eobeal owe lt bad Wo 

he. 


The FB) man asked him very, very nicely 
not to do It again, 


"Of course It didn't do any harm," says 
the culprit. "I had them down for crimes like 
‘Intellectual murder.’ Wha ould happen to dem 
for thai?" 


Does that make you feel better? 


= 2 2 © 2 
PHILADELPHIANS AND CROOKS PLEASE NOTE: 


This happened five or six years ago, nd 
without @ doubt the system Ls by now toully secure 
and impenetrable. Let's hope. 


LoUsED-VP Recorys: 
A CASE IN POINT 


The question of "privacy" in the abstract 
lan’t really an Issue. Who cares If God eses 
under your clothes? The problem ls what hap- 
pane to you on the basis of people's access to 
your records. 





- S1. James Ls a celebrated west coast 
prostitute, anee well known for her activities 
with Paul Krasner as "The Realist Nun:” she 
Is now Chalrmadam of an organisation called 
COYOTE, campaigning for the decriminallzation 
of prostitution. 





She originally had no Intention of becom- 
ing ® prostitute. Rather. she leamed that 
there was a fales record of her arrest for proa- 
Ututlon; and despite her efforts to clear her 
nama, the record followed her wherever she 
trled to get = Job. Finally she sald the hell 
with It and did become a prostitute. 





Qfembership Is 65 2 year. COYOTE, 
Bon 26334, San Francieco CA 94126) 


SLACK AND BLUE 
AND RED LL OVER 


The phone system Js bruised and bleeding 
from the depredations of people who have found 
out how to cheat the phone company electronical- 
ly. Such people are called Phone Freaks (or 
Phreax); articles on them have appeared in such 
Places as Ramparts, The Realist and Qui. For 
no clear raasan, the electronic devices they use 
have been given various colorful names: 


black box: device which. attached to « 
local telephone, permits it to receive 
an incoming call without billing the 
calling party; fi “looks Like" the 
phone Is stil) ringing, as far as the 
billing mechaniam is concerned. 


blue box: device that generates the magical 
inside” tones that open up the phon 
Network and etop the billing mechan- 
fom. Posesslon of s blue box can 


But you in prison. 


As with so many things. the 
phone system was not designed under 
the assumption that there would be 
thousands of electronic wise-guys 
capable of fooling ereund with it. 
Thus the phone systam ls tragically 
vulnerable to such messing around. 
‘The only thing they can do is get 
ferocious laws passed and really try 
to catch people, both of which ere 
apparenly happening. Supposedly 
AU le legal to possess « tone genor- 
etor, or to inform anyone aa to what 
the magical frequencies are-- even 
though @ slide whistle is such » 
tone generator, and eny engineering 
library Is aaid to have the Informe- 
don. 











Fed box: device that simulates the lgnals 
mede by falling coins. 


The fact that the names of these davices 
are given here Is not to be construed as In any 
eanse approving of them, and anybody who 
messes around with them ls @ fool, playing with 
napalm. 


Bven If people were entitled to steal back 
excess profits from the phone company-- the 
e-called “people's discount"-- the trouble ls 
that they mess things up for everyone. We have 
@ Desutiful and delicate phone system, ane thal 
stands ready to do wonderful things for you, 
Including bring computer service to your heme; 
oven If, for the eake of argument, It ls run by 
dirty rais, messing arcund with It ie Ike pal- 
soning the reservoir for everybody. 





Margo St. James is a case In point. “ay 
Mi 


®DATA BANKS" 


The tera 
any particular techni 
just refers to any large store of infor- 
mation, especially something attached to 
a computer. 










For Instance, at Dartaouth College, 
where the social scientists have been 
working hand-in-hand with their big tim 
sharing project, an awesome amount of data 

jady available on-line in the social 
The lest census, for instance, 
lied and undigested form. Suppose 
at Dartmouth and you get into an 
over whether, say, divorced women 
ge as women the 

tried. 

















‘am In BASIC, and the 
ually re-enslyzes the census data 
your question. If only Congress 





The usefulness should be evident. 


Because of the way census data is hand- 
led, now, It 1s not possible to ask fer the 
records of » specific individual. But this 
Kind of capablilty leads to some real dengers. 


There is a lot of information stored 
about most Individuals in this country. 
Credit information, arrest records, medical 
and psychiatric files, drivers’ Ilcenses, 
allltary service records, and so on. 








Now, It is not hard to find out about 
an individuel. A few ph ls from on 
official-sounding person cen ascertain his 
credit rating, for instance. But that is 
very different from putting all these re- 
cords together in one place. 


8 





The potentisl for mischief 1les in 
danger to individuals. Persons up to no 
good could carefully investigate someone 
through the uter and then burglarize 
or kidnap. Someone unscrupulous could 
look for rich widows with 30-year-old un- 
married deughters. Organized crime could 
search for patsies and strong-arm victims. 


In the face of this sort of possi- 
bility, computer people have been worry- 
Ing for years; noteworthy is the study 
by Alan Westin that originally sounded 
the alarm, and his assuring follow- 
up study of sone thering organ- 
zations (see bibliography). But the 
scary data banks, the ones that evidently 
keop track of political dissenters, 
aren't talking about what they do (see 
Schwartz piece). 
























Basically, the two greatest dangers 
from data banks are orgenized crime and 
the Executive branch of the Federal Gov- 
ernment-- a: gq there ts still a dis- 
tinctlon. 












It may seem odd, but Nixon has sald 
he is concerned about computers and the 
privacy problem. Cynics may joke about 
what his concern actually is; but a more 
credible stand was taken by vice-presi- 
dent Ford the 1974 National Computer 
Conference, Ford expressed personal 
concern over privacy, particularly consid- 
ering @ proposed system called FEDNET, 
which would supposedly centrallze govern- 
ment records of a broad variety. 








Not mentioned by Ford was the matter 
of NCIC, the National Crime Information 
Center. This will be a system, run by 
the FBI, to give police anywhere In the 
country "access to centralized records. 
THE QUESTION IS WHAT GETS STORED. Ar- 
rest records? Anonymous tips? (It would 
be possible to frame individuals rather 
nicely if @ lot of loose stuff could 
slipped into the file.) 





Many people seem to be concerned 
with preserving some “right to privacy,” 
which’ is certainly a very nice ideas but 
It isn't in the Constitution; getting 
such a "right" formalized and agreed upon 
is going to be no small matter. 














But that isn't whet bothers me. 
Considering recent events, and the char- 
acter of tain elected officials whore 
devotion to, and conception of, democracy 
ds lately in doubt, things’ are scarcely 
is abstract es all that. Considering how 

prul our government has been to brutal 
regimes abroad-- notably the Chile over- 
throw, which some say was run from here 
(and which used sports arenas for deten- 
tion just as John Mitchell did--) we can 
no longer know what use any information 
may find in this government. Tomorrow's 
Data Bank may be next week's En 
next month's Prot 
ory-- and next year's Termination List. 
(1 don't know if you saw Robert Mardian's 
eyes on the Watergate hearings, but they 
chilled my blood.) 
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‘Than?™ 











"Oh, say, 
O*er tha 


“and tha rockst’s red glare, 


The bombs bursting in air, 
Gave proof throw) 
That our flag vas scill there. 


does that etarepangled bower yet wove 
land of tha free and the home of the brave? 


THE on FS. Key 





Ite name has kept changing, posslbly 
te lull the public, possibly to gull the 
Congress. Anyhow, would you belleve a 
system, totally controlled by computers. 
designed to shoot down oncoming missiles? 
If you would, read on. 


It's been called Wike-x, Safeguard 
knows what. (It's aven been 
hield"-- masculine, huh? 
would pay more Lf they 

called it the Trojan 4x.) But genecally 














people have talked about, and in it lle 
many Interesting morals, possible com- 
parisons, ete., for which there la no 
epace here. 


Western Electric La the prime con 
tractor. They're the manufacturing ara 
of the telephona company. remember, the 
same people who make the Princess®® phone. 
OF the hundred of milllene of a 
they are taking Ln on this project. much 
of lt has te go back out-- to Univac 
which makes the computers: to Bell Labs, 
which guides the project, hose 
Whippany, W.J. facility Le totally given 
over to ity to the rocket-bullders and ao 
on. 








‘The systen is @ turkey. 


Mote that in telling you this I am 
draving only en information that is pub- 
liely evatlable, an@ draving conclusions 
from {t the way one usually draws conelu~ 
salons. 





Here is how the great ABM is eup- 
pored to work. 


Immense radare scan over the hori- 
ton locking for possible reflections 
that aight be intercontinental missiles. 


‘The radat images are forever con- 
tantly analyzed by computers, using 
avery trick of Pattern Recognition (see 


p- IZ). 





Aha! Scmmthing is coming. 





Yes, yes, I'm quite sure now, says 
the computer. Me have fifteen minutes. 


Great doors ming open, and « long 
Phallic shape arises. It has jagged an- 
gular Cina, (nherited fram the emaller 
antinaircraft Nike (we eay Nikey) rockets 
‘that preceded it. This missile is called 
the Spartan. 


It takes off. 


‘Tha computer system is tracking the 
oncoming miseile. Were Lt comes-- it's 
dodging now-- the Spartan is turning, 
going fanter and faster-- they're coming 
together-- * 





10,000, who knows. In these few minutes 
the Spartan has gone 400 alles. 


How's your tannial 


Can you hit a tennis ball fired out 
of @ cannon? 


But now comes the good part. 


Tha Spartan goes off. Yay! It too 
containg an atomic bomb. 


If Lt gows off within five miles of 
‘the attacking mlesile, the hope ls that 
the attacking missile’s thermonuclear 
warhead will get heated on one sida and 
misfire. So it lands in Ti 
just a few buildings 
Fadloactive contamination. 





But wait. 
(mat LE spartan missed. 
Oope, sorry, Montreal. 
Mever fear! Have you forgotten 


Sergeant York? Have you forgotten the 
Alam? 





There is another missile. It ie 
called Sprint. It is shaped like the 
point of a pencil. [t is almpst all 
propellant. than the great computare 
Feallze that the bad guy has gotten 
trough. up goes Sprint! Sprint ts 
quantly called the "terminal defense 
aystem." It only has a couple of minutes. 








1o— 








Brighter than a thousand suns! 
Berry, Scoredale. Can‘e win ‘em all. 


If you find thie description mind- 
boggling, that’s because Lt is, Anybody 
who Lmagines that this project, on which 
Billions of your dolla 
been spant, can work, le 
thinker indeed. 





Evan Lf mispiles stayed like they 
were Ln the goad old days of 1962, big 
helpless clunkers they had to fue) up 
just before tha shoot, the likelihood of 
the Smile ABM datonation they count on 
vas pretty low. (Supposedly ARPA was 
hoplag that Spartan amd Sprint could be 
replaced with ultrapower, (ry-Ln-the-aky 
laser beams, tapping down all comere 
with sky-piercing atabs undar computer 
controel-- but that ia aaid to have been 
abandoned.) 


But even given, and only for the 
sake of argument, the feasibility of 
Spartan-Sprint for f1al barre) 
mhots. look what's happening now. 





AIRVe and PORS. 





IRV (tultiple Independently 7 
geted Renentry Vehicle) basicelly means 
Multiple Warheads. One rocket can carry 
all chase Little guys, see, that fan out 
whan lt gate near the target, and each 
ome goes to lcs own target clty oF instal- 
lation. POB, of Practional Orbital Bas- 
bardment system, juat maans that they 
send the thing Into an orbit around the 
world, and the warheads come in from the 
opposite aide. Any side. Meaning that 
a1) those radare painted at Ruseia would 
make good drive-in movie 





ABM Le wort of a dead duck: the one 
tace-saving Inatallation ie in North De- 
kota, and the) 





be funded. But ‘than agi 

once hearing Erle Sevareld, vham some 
call & liberal, pontificate on thie eub- 
ject. “They describe lt as a ‘thin 
shield, ‘(he sald) Why can't we just 
spand a few biliton wore and get complete 
Protection?" Othervise canny people, if 
fooled by the technolegiste, will belleve 
anything. 





But the ASM iso beautiful example 
of top-down planning— like the Viemena- 
war, 1 feagine that the Sprint came 
about something Lhe this! 











our people in Operations 
rch have concluded that 
Spartan won't work.” 





"wm, yeu, air.” 


“Garfield, I want your team te get 
on Lt and €ind somthing adal- 
tional that will make Lt work.” 


How gous Garfleld to his cubicle 






“La 


work, thay 
well, I gua 


Same am Vietnas. “Gee whic, they eay te 
Pt 


rch and destroy, 1 guess that must 
mean..." Something new, this: the top- 
own project of the worst sort, where 

the orders go down, and only news of 
partial success goes up, rather than the 
facts of total hopelesaness. As in Viet- 








The sophisticated argumnt ie that 
ffort lets our nation "keep its 
‘sharpen skills,” in case sape- 
thing vaguely Uke chis or really 
needed-- and possible, But this overlaoks 
the overall strategic problem. All this 
ade avay from the stabliity 











(An interesting point te note: a 
biologist and population geneticist named 
Sternglass chains (t doesn't matter: that 
human vopreduction Le eo susceptible to 
radletion poisoning that just the fallout 
from the ABM defense itself-- a faw dozen 
bowbs, say-- would end human Fepraduetion 
around the planet. But nobody Listens to 
Sternglase.) 











Incidentally, 





n LLlusteLous computer 
ken (author of 

‘on mast of the 
major languages) goam around lecturing 

on the futility of the ABM aymtam. 





The main reason computer people 
should take an interest in this 1s sisple. 
Only we know how funny the thing really is: 


AL those computer programs have 


be work perfectly the first tine. 














using a 


THE MITIEST Garoree? 


The focus of attention In genetics and 
orgenic chemistry hes for a decade now been 
the remarkable systems and etructures of the 
molecules of Ilfe, DNA and RNA. 


DNA Is the basic molecule of life, a long 
and tiny strand of encoded information. Actually 
il le a digital memory, a stored representation 
of codes necessary to sustain, reproduce, and 
even duplicate the creature around it. 


It ie literally and exactly a digital memory. 
Its symbols are not binary but quaternary, ap 
each position contains one of four code molecules; 
however, as lt takes three molecules in a row to 
make up one individuel codon, or functioning 
symbol, the actual number of possible symbols 
ie 64-- the number of possible combinations of 
four different symbols In a row of three. (1 don't 
know the adjective for slxtyfourishness, and it's 
just as well.) 


The basic mechanism of the system was 
worked out by Prancis Crick and James Watson, 
who understandably got the Nobel Prize for it. 
The problem was this: how could living celle 
tranemit their overal] plans to the celle they 
split into? -- and how could these plans be 
carried out by a mechanical process? 


The mechanism Is astonishingly elegant. 
Basically there Is one long molecule, the DNA 
molecule, which le really a long tape recording 
of all the information required to perpetuate 
the organlem and reproduce iit. This is a 
long helix (or corkscrew), as Linus Pauling 
had guessed years before. The chemicel pro- 
cesses permit the helix to be duplicated, to 
become two astitched-together corkscrews, and 
then for them to come apart, unwinding to go 
their separate waye to daughter cells. 






helix 
Dh bind 
Frm, 


Ae a tape recording, the molecule directs 
the creation of chemicals and other cells by an 
intricate series of processes, nol well understood. 
Basically, though, the information on the basic 
DNA tape is transferred to a new tape, an active 
copy called “messenger RNA," which be- 
comes an actual playback device for the 
creation of new molecules according to 
the plan stored on the original. 





Some things are known about this process 
and some aren't, and | may have this wrong, 
but basically the DNA-- and its converted copy, 
the RNA-- contain plans for making all the 
basic protein molecules of the body, and anything 
else that can be made with amino acids. (Those 
molecules of the body which are not proleins or 
built of amino acids are later made In chemical 
processes brought about by these kinds.) 


Now well may you ask how this long tape 
recording makes chemical molecules. The answer, 
eo far as ls known, is extremely puzzling. 


As already mentioned, the basic code 
molecules (or nitrogenous bases) are arranged 
In groupe of three. When the RNA is turned 
on, these triples latch onto the molecules of 
amino acid that happen to be floating by in the 
soupy interlor of the cell. (There are (wenty-- 
seven amino acide, and sixty-four possible 
combinations of three bases; this is fine, because 
several different codons of three bases can glom 
onto the same passing amino acid.) 


Now, the tape recording is divided Into 
separate sections or templates; and each template 
does ita own thing. When a template is fled, 
the string of amino acids in that section separate, 
and the long chain that results is a Perticular 
molecule of significance in some aspect of the 
critter's life processes-- often a grand tong 
thing that folde up in a certain way, exposing 
only certain active surfaces to the ongoing 
chemistry of the cell. 


Se 


The above remarka seem to be obsolete. The genetic mechanism really seems to be a list processor (see p. edd} 
The gene is now thought to be divided into four segments, a 
called Promoter, Initiator, gene proper, and Terminator. 
it, the promoter and terminator zones contain codes which mean, simply, 

The initiator zone, however, ie a coded segment which ef- 
This initiator area contains a chemical code unoi- 
Tucture-~ its aech- 








ms ene runaiter 
2 ; Start and Stop. 


ocfative, rather than numerical addressing. 


daa tie avavp<eoues vk a pitcttvetyfabele the gene. 
e. 8 suggest 
anions and effects, seed) rca enaneeee 


really happening, 
Sections of the gen 
the specific coding 
of metaboliem, {amunology, development, and so on. 
the extraordinary beauty of this clockwork. 


ticle, wa may consider both i 
considered from a computerman's point of view-- and its chemical structure, or vhat is 

The genes are turned off by grabbing molecules, or repressors, which glom onto the initiator (- 
ea which they have bean specifically coded to repre 
of molecules which block and unblock specific genes, and how these fit in the overall graple 
Ié there ie anything to make an old atheiet uneasy, it is 





Qne theory about the mechanics of this is 
that a sort of zipper allde, called the ribosome, 
chugs down the tape, attaching the called-for 
amino acide and peeling off the ever-longer result. 





BWeosone 
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arnt: capt, ovens 


Now, here are some of the funny things 
that are known about this. One is that there is 
a parliculer codon of three bases that is a stop 
code, just Like a period in ordinary punctuation. 
This signals the end of a template. Another is 
that the templates on the tape are in no partic- 
ular order, but distributed higgledy-piggledy. 
(Geneticiaste engaged in mapping the genes of a 
particular species of creature find that the gene 
for eye color may turn out to be right neat to 
the gene for length of tail-- but where those 
are really, and what the particular molecules do 
that determine it, are stil] mysterious sorte of 
question.) 


Here Is some more weird stuff about this. 


Large sections of the DNA sirand are "dark," 
il turns out, Just meaningless stretches of random 
combinations of bases that don't mean eanything-- 
or ever get used. Thie ties in, of course. with 
the notion thal genetic change is random and 
Diind: the general supposition is that genetic 
mutalion takes place a base or two at a time, 
and then something else activates a chance com- 
bination in a dry stretch that turns out to be 
useful, and this is somehow perfected through 
successive 1-base changes during the process 
of successive mutation and evolution. 


Amazing use is made of these mechanisms 
by some viruses. Now, viruses ere often thought 
of as the most basic form of life, but actually 
they are usually dependent on some other form 
and hence more elreamlined than elemental. Well, 
some viruses (bul not all) have the capacity for 
inserting themselves in the genetic material: 
breezing up lo the DNA or RNA, unhooking it in 
a cerlain place and lying down there, then being 
duplicated as part of the template. then unhooking 
themselves and toddling away-- both parent virus 
and copy. I can't for the life of me think of an 
analogy to this, but I keep visualizing it as hap- 
pening somehow in a Bugs Bunny cartoon. 





CONTROL MECHANISMS 


Now, all cells are not alike. From the first 
beginning cell of the organism (the zygote), various 
splits create more and more specialized, differ- 
entiated cells. A liver cell is extremely different 
from a brain cell, bul they both date back by 
successive splitling from thet first zygole. Yet 
they have different structures and manufacture 
different chemicals. 


One simplification may be possible: the 
"atructure” of a cell may really be ite chemical 
composition, since cell walla and other struc- 
tures are thought to be special knilttings of 
certain tricky molecules. Okay, so that may 
reduce the question slightly. How then does 
the cell change from being an Original (undif- 
ferentiated, zygotic) cell to the Specialized 
cells that manufacture particular other complex 
chemicale? 


One hypothesis was that these other cells 
have different plans in them, different tapes. 
But this theory was discarded when John Gurdon 
at Oxford produced a fresh frog zygote from the 
intestinal cell of a frog (which accordingly, in 
due time, became a frog de facto). Thies proved, 
most think, thet the whole tape is in every cell. 


Thus there must be something-or-other 
that blocks the different templates at different 
limes (You there, now you're a full-fiedged epi- 
thelial cell, never mind what you did before) 
and selects among all the subprograms on the tape. 





logi 








As I underetand 


Reeearch in this area must now find 


Much pressing research In molecular bio- 
logy, then, is concerned with searching for 
whatever it is that switches different thinge on 
and off at different times in the careers of the 
ever-splitting cells of our bodies. Not to men- 
tion those of all other living creatures, including 
turnips. 


COMPUTERISH CONJECTURES 


The guys who specialize in this are usually 
chemists, and presumably know what they're 
doing, so the following remarks are not intended 
as butting into chemistry. However, new per- 
apectives often give fresh insight; and the mattera 
we've covered so far might seem to have a cer- 
tain relevance. 


DNA and RNA, as already remarked, may 
without distortion be thought of as a tape. Indeed, 
on thie tepe is a data structure, and indeed it is 
a data structure which seems to be involved with 
the execution of a program-- the program that 
occurs as the organism's cells differentiate. 





There is evidently some sort of program 
follower which is capable of branching to dif- 
ferent selections of (or subprograms) In the 
overall program, depending on various fectors 
in the cell's environment-- or perhaps its age. 


Now, it ls one thing to look for the par- 
ticular chemical mechaniams that handle thie. 
That's fine. On the other hand, we can also 
consider (from the top down) what sort of a 
program follower it must be to behave like thia. 
(This is like the difference between tracing oul 
particular circuitry and trying to figure out 
the structure of a program from how it behaves.) 


At any rate, the following interesting con- 
jectures arise: 


1. The mechanism of somatic reproduction is 
@ subroutining program follower-~ not unlike 
the second program follower of the subroutining 
display (see p. That Is, it steps very 
slowly through a master program somewhere, 
and with esch new step direcis the blocking or 
unblocking of particular stretches of the tape. 


As the program is in each cell, presumably 
il is being separately followed in each cell. 
{This is sometimes called distributed computing.) 


25 In each cell, the master program is direc- 
ting certain teats, whose results may or may not 
command program branching-- successive steps 

to new states of the overall program. It may 

be testing for particular chemlca) secretiona in 

its environment; it could even be testing a counter. 





J. (This is the steep one.) If thie were go, 

we might suppose that thls program too was atored 
on the DNA, in one or more program areas; and 
it would therefore be necessary lo postulate some 
addressing mechanism by which the program fol- 
lower can find the templates to open and close. 
(And perhaps further sections of the program.) 


4. Indeed, it makes sense to suppose that 
such @ program has the form of a dispatch table 
-- a list of addresses in the tape, perhaps asso- 
ciated with specifications of the tests which are 
to cauee the branching. 


Aeyeteh ok 
on Beye te sew preys 
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These wild speculations sre offered in the 
spirit of interdisciplinery good fellowship and 
good clean fun. Whether (1) and (2) have any 
actual content, or are merely paraphrases of 
what is already known or disproven, I don't 
know; somebody may find the rest suggestive. 


Two more observations, though. These 
are not particularly deep, and may indeed be 
obvious, but they suggest an approach. 


5. There ie definitely a Program Restart: to wit, 
whatever It is that turne an old differentiated 
intesline cell into a fresh zygote. 


6. Cancer ie a runaway subroutine. 
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From all this, one lest speculation creeps 
forward. 


Ivan Sutherland, in considering the struc- 
ture of subroutining display processors, has . 
noted that as you get more and more sophisti- 
cated in the design of a display program fol- 
Jower, you come full circle and make it a full- 
fledged computer, with branch, test, and arith- 
metic operations. 


If the sometic mechanism should turn out 
to have a program follower as described, it is 
not much of a step to suppose that it might have 
the traits of an actual computer, i.e., the ability 
to follow programs, branch, and perform manip- 
ulations on data bearing on those operations. 


In other words, the digital computer may 
ectually have been invented long before von 
Neumann, and we may have billions of them 
on our persone already. 


Il may sound far-fetched, but the mechan- 
isms elucidated at thie level are so far-fetched 
already that this hardly seems ridiculous. 


THE COMPUTER FRONTIER 


Regardless of what's actually in the cell, 
il is clear that being able to adapt molecular 
chemistry, especially DNA end RNA, to computer 
storage is a beckoning computer frontier. 


This would make possible computer mem- 
ories which are far larger and cheaper than 
any we now have, 


Basically we can separete this into two 
aspects: 


The DNA Readout. Thie part of the sys- 
tem would create long molecules holding digital 
information . 


The DNA Readin. This would convert it 
pack to electrical form again. 


Weird possibilities follow. One is that 
@f chemical memory is generic, rather than 
idiosyncratic to an individual's neural pathways) 
knowledge could be set up somehow in "learned" 
DNA form, whatever that might turn out to be, 
and injected or implanted rather than taught. 
Weird. 


As our ability to create clones improves, 
we could clone new creatures, or genetic "im- 
provements"-- which, considering the racehorse 
and the Pekinese, means "those sorts of non- 
viable modifications supported in human society.” 
And of course that ghastly stuff about building 
humans, or semi-humans; having traits that 
somebody or some organization, ulp, thinks is 
desirable... 


But the real zinger is this one. It might 
juet be a small accidental printout meant to 
test the facility, or maybe just a program bug-- 


-- but the system could output a virus 
that would destroy mankind. 
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RRs & COMPUTERS 


It used to be fashionable to say, 
"The brain is a computer.” 


But now people say, "The brain 
is a hologram." 


Fashions change. 





Wet BRAIN 


Almost nothing is known about the brein. 
Oh, there are lots of picture-books showing 
cross-sections of brains... Maybe you thought 
it was just a big caulifMower, but it's full of 
strings and straps and lumps and hardly any- 
thing is known about any of il. 


Clinical evidence, of course, tells us 
that if this or thet part is cut out, the patient 
can't talk, or walk, or smell, or whatever. 
But that doesn't come close to telling us how the 
thing works when il does work. The histologists, 
the perceptual psychologists, the anatomiste, 
are all working at it-- with no convergence. 
Beautiful example: the split-brain stuff, which 
I just better not even bring up here (see new 
Maya Pines book, Harcourt Brace). 


We used to dissect brains when I worked 
down in Dr. Lilly's dolphin lab. Dolphin brains 
are about 1.2 times the size of ours, and Lilly 
quite reasonably pointed out that this might mean 
dolphins were smerter than us. 


And, of course, the bigger whales even 
smarter. We had a killer-whale brain in the 
deepfreeze that was about 24 feet across. And 
whales come much bigger than that; the Killer's 
maybe a quarter the length of the Blue. 


@ should point out here that Lilly's pub- 
licity on the intelligence of dolphins was a little 
too good: it somehow didn't get mentioned thet 
dolphins are just very small whales, the only 
ones you can feasibly keep in a lab. So think 
of whales as the possible super-smarties, not 
just dolphins.) 











What's that you say? That "brain size 
isn't what counts"? That's an inleresting point. 


People with small heads are by and large 
just as emart as people with big heads. That's 
one argument. 


However, people have much bigger brains 
than almosl any other animals. That indicates 
something too. 


1 believe thet the only other animals with 
very big brains are elephants and whales. (An 
anatomical explanation: the weight is supported 
on the man by balancing it, on the elephant by 
a heavy and comparatively inflexible neck offset 
by a grappling tool, and in the whale by putting 
it in the front of a torpedo. But most other 
anatomies couldn't manage a big brain, so they 
can't evolve one.) 


Anyhow, so the scientific question is 
whether big-brained species are smart. Well, 
dogs are smerter than rats... 


But about these other guys in our league 
and beyond. How do we know sgientifically 
that "the size of the brain isn'l whet counts"? 
Because obviously they're not as smart as we 
are, people say. Therefore it isn't brain size 
that counts. The depth of this logic should be 
evident. (I've even heard people say, “Of course 
they're not as smart. They don't have guns.") 


Pay close attention to an elephant sometime. 


Working elephants in India respond to some 
500 different oral commands. 


Can you think of a 50lst thing to ask an 


elephant to do? (1 rather suppose it could: oblige.) 


Anyway, the dozen whales I've known per- 
sonally were smart as hell. 


——— 


It used to be believed thal memory was 
exclusively a matter of synaptic connections-- 
the gradual closing of liltle switches between 
nerve cells with practice. 


It is now known that temporary or 
short-term memory is synaptic, but something 
else takes place after that. It's believed that 
after a certain period, and il has something 
to do with rest and sleep, memories are trans- 
ferred to some other form, presumably chemical. 
But how? 


My friend Andrew J. Singer hes a beau- 
tiful hypothesis that wraps it up. His guess 
is that memories are moved from synaptic 
storage to DNA (!) storage during dreaming. 
or more specifically REM sleep. I like that one. 
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By browsing this book you may have more 
sense of what computers are doing, can do, 
should do. 


What will you do now? 


By reading this book in some detail, es- 
pecially that difficult machine-language stuff (see 
"Rock Bottom” and "Bucky's Wristwatch," pp. 
32-3 >, or the pieces on specific computer 
languages (pp. (6-27, 3| ). you really should be 
mentally prepared to get into programming, if 
you dig it. 


Maybe you should consider buying your 
own minicomputer, for a couple of thousand. Or 
Gf you're a parent), chipping in with several 
families to get one. Or a terminal, and buying 
(or cadging as cadge can) time on a lime-sharing 
system. Maybe you should start a computer club, 
which makes it easier to get cast-off equipment; 
if you're kids, write the R.E.S.1.8.T.0.R.S. (p. 
#7). If you have a chance, maybe you should 
take computer courses, but remember the slant 
these are likely to have. Or perhaps you prefer 
just to sit and wait, and be prepared to speak up 
sharply if the computer people arrive ready to 
push you around. Remember: 


COMPUTER POWER TO THE PEOPLE! 
DOWN WITH CYBERCRUD! 


Compulers could do all kinds of things for 
individuals, if only the programs were available. 
For instance: help you calculate your tax inter- 
actively till it comes out best; help the harried 
credit-card holder with bill-paying by allowing 
him to try out different payments to different 
creditors till he settles on the month's best mix, 
then typing the checks; WRITING ANGRY LETTERS 
BACK to those companies that write you nasty 
letters by computer; helping with letter-writing 
in general. You'll have to write the programs. 


How do you think computers can help 
the world? 
What are you waiting for? 





THE COPPER MAN WALKED OUT OF THE ROCKY CAVERN 
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N AT 
‘ OMPUTER! 


Everybody blames the computer. 


People are encouraged to blame the 
computer. The employees of a firm, by 
telling outside people that it's the — 
computer's fault, are encouraging public 
apathy through private deceit. The pre- 
tense is that this thing, the computer, 
is rigid and inhuman (see "The Myth of 
the Computer," p. 9 ) and makes all 
kinds of stupid mistakes. 


Computers rarely make mistakes. If 
the computing hardware makes a hardware 
error in a billion operations, it may 
be noticed and a repairman called. (Of 
course, once in a billion operations is 
once in a thousand seconds, or perhaps 
every ten minutes. That ought to be 
mentioned.) Anyhow, innocent gadgetry 
is not what forces you to make stupid 
multiple choices on bureaucratic forms; 
mere equipment isn't what loses your 
subscription records; 


IT'S 
THE 
SYSTEM. 


By system we mean the whole setup: the 
computer, the accessories that have been 


chosen for it, its plan of operation or 
program, and the way Files are kept and 
complaints handled. 


Don't blame the computer. 


Blame the system; blame the program- 
mer; blame the procedures; best of all, 


blame the company. Let them know you 
wi take your business to wherever they 
have human beings. Same for governmental 


agencies: write your congressman, And 
so on. 


A Basic Bowler 


we should all practice and have ready at the 
tip of our tongues: 


WHY THE HELL NOT? YOU'RE THE ONES WITH 
THE COMPUTERS, NOT ME! 


Let's froth up a little citizen indignation here. 


ACCOUNT NUNES 


In principle we no longer need account 
numbers. 


Now that text processing facilities are 
available in most (if not all) major, computer 
languages, the only excuse for not using these 
features is the programmer's notion of his own 
convenience-~ not that of the outside customer 
or victim. 


Example. Someone I know got brand new 
dnpeeiow Gee ond Geet Stems credit 
cards. He made no note of their numbers. Then 
he lost them both. Duly he reported the losses. 
Neither service could look him up, they said, 
without the numbers. Not having used them, he 
had no bills to check. Even though he was the 
only person at that address with anything like 
that name. And why not, pray tell? Either be- 
cause they were fibbing, or because they had 
Not seen fit to create a simple straightforward 
program for the purpose. (See Basic Rejoinder, 
nearby.) 


I have heard of similar cases involving 
major life insurance companies. Don't lose the 
numbers. Let's all dance lo it: ~~ 


When anything is issued to you, 
Write the number down. 


fry 
jcoor 


"Compurees” 
THAT DON'T ANSWER 


Few of us can help feeling outrage at 
the book clubs, or subscription offices, or 
billing departments, that don't reply to our 
letters. Or reply inappropriately, with a form 
printout that doesn't match the problem. 


First let's understand how this happens. 


These outfits are based on using the com- 
puter to handle all correspondence and trans- 
actions. The "office" may not have any people 
in it at all-- that is, people whose job it is 
to understand and deal sensibly with the prob- 
lems of customers. Instead, there may just be 
keypunch operators staffing @ Balch System, set 
up by someone who has long since moved on. 


The point of a batch system (see p.4$) 
is to save money and bother by handling every- 
thing in @ controlled flow. This does not mean 
in principle that things have to be rigid and 
restrictive, bul it usually means it in practice. 
(See "The Punch Cerd Mentality," p. 29.) 

The system is set up with only a fixed number 
of event types, and so only those events are 
recognized ae occurring. Most important, your 





flow. While there may be provision for excep- 
tions-- one clerk, perhaps-- your problem has 
not seemed to him worthy of making an excep- 
tion for. 





Here is my solution. It has worked 
several times, particularly on book clubs that 
ignored typed letters and kept billing me 
ineorrecly . 


Get a roll of white shelf paper, two or 
three feet wide and twenty or more feet long. 


Write @ letter on the shelf paper in magic 
merker. Make it big, perhaps six inches to a 
word. Legibility is necessary, but don’l make 
it too easy to read. 


Explain the problem clearly. 


Now lake your punch card-- you did gel 
one, didn’t you, a bill or something?-- and 
mutilate it carefully. Tear it in quarters, or 
cut it into lace, or something. But make sure 
the serial number is still legible. Staple it _ 


lovingly to your nice big letter. 


Now fold your letter, and find an envelope 
big enough for it to fil in, and send it, regis- 
tered or certified mail, to ANY HUMAN BEING, 
ACCOUNTING DEPARTMENT, or whatever, and 
the company's address. 


This really works quite well. 


I am assuming here, now, that your prob- 
jem has merit, and you have been denied the 
attention required to settle il. If we want justice 
we must ourselves be just. 


There is one further step, but, again, to 
be used only in proportion to the offense. This 
step is to be used only if a meritorious commun- 
ication, like thal already described, has not 
been properly responded to in a decent interval. 


We assume that this unjust firm hes sent 
you a reply envelope or card on which they 
must pay poslage. Now carefully drafting a 
follow-up letter, explain once again, in civil 
language, the original problem, your efforts 
at attention, and so on. Now put it in a package 
with a ten or twelve-pound rock, affix the 
reply envelope to the outside, and send it off. 


The problem, you see, has been to get 
out of the batch stream and be treated as an 
exception. Flagrantly destroying the punch card 
serves to remove you from the flow in that fash- 
ion. (However, just tearing it a little bit prob- 
ably won't: a card that is intact but torn can 
simply be put in a certain slot of the card-punch 
and duplicated. Destroy it good and plenty.) 


In all these cases remember: the problem 
is not that you are "being treated as a number," 
whatever that means, but that your case does 
not correctly fall in the calegories that have 
been set up for it. By forcing attention to your 
case as an exception, you are making them 
realize that more categories are needed, or more 
People to handle exceptions. If more people do 
this when they have a just complaint, service 
will improve rapidly. 


SUNK MATL 


The people who send it out like to call it 
personalized advertising and the like. But most 
of us call it Junk Mail. And its vagaries are 
NOT THE POOR COMPUTER'S FAULT. What gets 
people angry derives from the system buill 
around the poor computer. 


You may wonder why you get more and 
more seed catalogs, or gift-house catalogs, as 
time goes on, even though you never order any- 
thing from them. Or why a deceased member 
of the household goes on getting mail year 
in and year out, regardless of your angry post- 
cards. 


How does it keep coming? 


Through the magic of something called the 
Mailing List. 


And especially the peculiar way that 
mailing lists are bought and sold. 


OIRECT 
MAIL 


Now, a mailing list is a series of names 
and addresses of possible customers, stored on 
computer tape or disk. 


You can buy the use of a mailing list. 
But you cannot buy the mailing list itself. 


Suppose you have a brochure advertising 
pumpkin-seed relish, which you suggest has 
rejuvenating powers. You want this brochure 
to go out to rich college graduates. 


You go to a mailing-list house. 


"I cannot sell you this mailing list out- 
right," says the jolly proprietor, "for it is my 
business to sell its use again and again, so 
I do not want anybody else to have a copy of 
it." So you leave 2500 pumpkin-seed relish 
brochures with the mailing list company, and 
pay them a lot of money. And they swear on 
a stack of bibles that they have mailed the bro- 
chures to their special list of rich college grad- 
uates. 


Well, let's say you get 250 sales from 
that mailing. (10% is fantastically good.) But 
out of curiosity you go to another mailing-list 
house and have another mailing sent out-- this 
one to people who have low incomes and little 
education. 


This time you get 15% orders. 
Now guess what you are acquiring. 


A mailing list of your very own. Of peo- 
ple who eat pumpkin-seed relish. 


Mailing lists are, you eee, generally ren- 
ted blind, with na chance to see the addressees 


mailed to. 
And that explains all the duplications. 


If an advertiser is going after a certain 
type of customer, and goes to several mailing- 
list houses asking for mailings to that particuler 
type of customer, chances are some people will 
be on several of the lists. And since there's 
no way to intercompare the lists, these poor 
guys get several copies of the mailing. 


(Another way this can happen is if some 
cheapskate has his own mailing list and doesn't 
check it for repeats of the same name. But 
writing the computer program to check for 
repeats of the same name is not easy-- there 
might just be a Robert Jones and a Rob Jones 
at the same address-~ and these things are not 
usually checked manually. They're big.) 


Another possibility exists for eliminating 
duplications when you rent mailing lists. You 
can bring in 4 magnetic tape with your mailing 
list on it, and they can send out the mailing 
only to the members of their’ list who are not 
already on your list. That way you still can't 
steal their list, since the tape is on their 
premises. The trouble is, they can steal your 
list, by making a copy of the tape. Oh dear. 


One possibility, nice and expensive, is to 
rent a number of mailing lists from a single 
mailing-list house, with them guaranteeing thet 
they'll compare all the lists you choose and 
not send to any person more than once. 


But as you may be suspecting, thie costs 
Money. ALI this screening and intercomparing 
requires computer time, and so, even though 
you are getting a more and more perfect mailing. 
you are paying more and more and more money 
for it. So you can see why reasonable business- 
men are willing to send out ads even when they 
know some recipients will get several duplicates. 


Another interesting point. There are 
mailing lista for all kinds of different possible 
customers. The possibilities are endless. 
Minority-group doctors. People interested in 
both stamp collecting and flowers (you'd have 
to get a company with both liste, and have them 
go through them for the duplicates... you get 
the idea). 


Note that mailing lists are priced according 
to their desirability. Weeded mailing lists, fea- 
turing only Live Ones, people who've ordered 
big in recent times, are more expensive. Lists 
of doctors, who buy @ lot, are more expensive 
than Usts of social workers. And so on. 


Then there's the matter of the pitch. 


The ad's phrasing may be built around 
the mailing plan. Some circulars come right out 
and tell the recipient he's going to get several 
copies because he's such a wonderful person. 


THEN there are those advertisements that 
are actually printed by the computer, or at least 
certain lines are filled in with the recipient's 
name and possibly some snazzy phrases to make 
him think it's a personal letter. Who responds 
to such things I don't know. My favorite was 
the one-- I wish I could find it to include here 
~- that went something like 


You'll really look swell, Mr. Nelson 
walking down Main Street of New York 
in your sharp-looking new slacks... 


I don't know whether I enjoyed the spaces or 
the Main Street more. 


But you see how this works. There's 
this betch-processing program, see, and the 
names and addresses are on one long tape, and 
the tape goes through, and the program takes 
one record (a name and address), and decides 
whether to call the addressee "Mr.," "Ms." or 
whatever, and then plugs his name into the 
printout lines that give it That Personal Touch; 
and then the mailing envelope or sticker is 
printed; and the tape moves on to the next 
record. 


We may look forward to increasing en- 
croachments on our time and trust by the direct 
mail industry: especially in better and better 
quack letters that look as though they've really 
been personally typed to you by 4 real human 
being. (It is apparently legal for letters to be 
signed by a fictitious person within a company.) 
In the future we may expect such letters to be 
sent on fine paper, typed individually on good 
typewriters, and convincingly phrased to make 
us think a real personal pitch is being tendered. 


There is, however, a final solution. 


YOU CAN GET OFF ALL MAILING LISTS 
~- that is, the ones "participating" in the 
Association-- by writing to 


Direct Mail Advertising Association 
Public Relations Department 

230 Park Avenue 

New York, NY 10017 


They will send a blank. If you fill it in 
they'll process it and delete your name from 
mailing lists of all participating companies. 


Presumably this won't help with 
X-rated or stamp-collecting lists, but it 
ought to keep you from getting semiannual 
gift catalogs from places like The House of 
Go-Go Creative, Inc. and those million 
solicitations from Consumer Reports and 
that File Box company. 
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You call up the bank and ask your balance 
and they say, "I'm afraid I can't get that infor- 
mation. You see, it's on a computer.” 


(See Basic Rejoinder, nearby .) 


Well, the reason it's this way is that 
they're handling things in Batch (see p.45 ) 
and they aren't storing your account on disk, 
or if they are they don't have a terminal they 
ean query it with. 


_ But to say thet they can't get the infor- 
mation because it's on a computer is a typical 
use of the computer as an excuse (see Cyber- 
crud, Pp. 8 >; and second, if the person be- 
lieves this to be an explanation, it's a sign of 
the intimidation and obfuscation that have been 


sown among the clerks who don't understand 
computers. 


Write them a letter. Change banke. Let's 
Get the banks to put on more and more citizen 
services. Rah! 


THINGS YOU MAY RUN INTo 


Everywhere you go computers lurk, Yet 
they wear so many faces it's impossible to figure 
what's going on. 


Guidelines are hard to lay down here, but 
if you look for examples of things you've already 
run into in this book, it may help some. 


Terminals you can presumably recognize. 


Microprocessors are harder, because you 
don't see them. Good rule-of-thumb: any device 
which acts with complexity or apparent discretion 
presumably incorporates a lerminal, minicomputer 
or microprocessor. 


Two other things to watch for: transaction 
systems and data base systems. 


A transaction system is any system that 
takes note of, and perhaps requires verification 
of, transactions. Example: the new point-of-sale 
systems (POS). This is what's about to replace 
the cash register. 


In the supermarket of the future, every 
package will have a bar code on @ sticker, or 
printed on the wrapper. Instead of the checkout 
clerk looking at the label and punching the a- 
mount of the sale Inlo the cash register-- an 
error-prone and cheat-prone technique which 
requires considerable training-- your New Im- 
proved Checkout Clerk will wave a wand over 
the bar code. The bar code will be sensed by 
the wand, and transmitted to a control computer, 
which will ring it up by amount and category 
(for tax purposes), and even keep track of 
inventory, noting each object as it is removed 
from stock. 





Here is what your bar code will look like. 
(A circular code, which was already lurning up 
on some TV dinners, has been eliminated by the 
bar code. This is unfortunate, since the scan- 
ner necessary lo read the bar code is electron- 
ically more complicated, but there we are.) 





(incidentally, while this does arrest the 
clessic cashier's cheat-- ringing up excessive 
purchases on the customers, then having a con- 
federate walk through equivalent amounts-- the 
consumer is still entirely prone to cheating by 
the store in the computer program. Remember, 
it's 1974. So you still may heave to check your 
tapes, folks.) 


Data base systems ere any systems which 
keep track of a whole lot of stuff, often with 
complex pointer techniques (see "Data Structures,” 
Pp. 2G). A cute example is the message service 
now offered by Stuckey's sneck/souvenir stands 
all over the country. You may leave messages 
for your friends or loved ones on the road; they 
can stop at any Stuckey's and ask for their 
messages, just as if it was a telephone answering 
service. (You're lisled by your phone number-- 
ie this to avoid pranks? And what about people 
with no phones?) It's free and a neat idea. 
(Obviously, the Messages are stored on the disk 
of a big central computer, and queried from 
terminals at the individual stands.) 


Now, most of the big systems you run into 
lend to be a combination of transaction and 
data-~base system. For instance, suppose you 
make an airline reservation. The airline has a 
large data base to keep track of: the inventory 
of all those armchairs it's fying around the 
country, and the list of who so far have announced 
Plans to sit in them, and in some cases what 
they intend lo eat. When you buy your ticket, 
that tranaaction then gets you put in the lsting. 
Same for car rentals and eo on. 


HOW) BaNkqMee 


Grr: betnde ) 


The potential dangers of transaction systems 
are fairly obvious from the supermarket example, 
but they fan out in greater complexity as the 
systems get more complex. Credit cards, for 
instance, were only made possible by computers 
and computerized credit verification; but it is 
only now, fifteen or so years into the credit-card 
era, that laws protect the cardholder againsl 
unlimited liability if he loses it. 


Yet we plunge ahead, and it is obvious why. 
Transaction systems managed in, and by, com- 
puters allow more flexible and (in principle) 
reliable operations. For instance, in the secu- 
rities business, thousands of stock certificates 
are lost and mislaid, and the transaction paper 
must be typed, shuffled, put in envelopes, sent, 
opened, shuffled again, compared... all by hand. 
Litue wonder they're working on an Automated 
Stock Exchange System. But if it's taken fifteen 
years to get the implicit bugs out of credit cards 

. Not to mention the frequent allegations that 
much Wall Street “inefficiency” is actually the 
disguised marauding of Organized Crime... 
uh-oh. (if they can buy the best lawyers, they 
can probably buy the best programmers. ) 


Then there is the Checkless Society. This 
is a catchphrese for an oft-advocated system that 
allows you to transfer money instantly by compu- 
ler; supposedly some such thing is working al- 
ready in France. Again, they better get il pretty 
safe before a sane man will go up in it. 


The safety of such systems is of course 
@ matter of immense general concern. IBM 
portentiously (sic) announced ils intent to spend 
millions of dollars on “computer security" a few 
years ago. However, a few million dollars is 
Not going to plug the security holes in the IBM 
360, and evidently the 370 is just about es vul- 
nerable. 


(in this light, even the greatest 1BM-haters 
will have to admit that there may be a proper 
motive behind IBM's current refusal to let others 
use its new operating system language: that way 
they may be able lo prevent special holes in the 
system from becoming known to programmers.) 


It is interesting that one profession seems 
to be stepping forward to try to improve this 
situation: the auditing profession, devoted to 
verification of financial situations of companies, 
seems to be branching into the verification of 
computer programs and the performance of com- 
plex systems. This will be great, if it works. 
Cynics, however, may note that auditors have 
permilted some remerkable practices in the 
“creative” accounting of recent years. (Obvious- 
ly the way to check out the safety of big systems 
is to offer bounty to those who can breek its 
security. But who is willing to subject a syatem 
to a test like that?) 


Co? 


Hereabouts are a few other computerish 
things you may run into which more or less 
defy categorization. 


co aS 


THE COMPUTER GRAVEYARD 





In the mid-sixties there was a junkyard 
in Kingston, N.Y. that was like an automobile 
graveyard-- except piled high with dead com- 
puters. 


They were from various manufacturers. 
The guys would smash them with sledgehammers, 
or other awful things, to make sure they could 
never work again. Then you could buy the 
circuit cards. [ saw 1401s five high, Univec 
File Computers, tape drives... it was an elec- 
tronic nut's paradise. You could decorate your 
den with huge old control panels, mag disks 
and whatnot. It seems to be gone now. They 
forbade pictures. 
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‘COMPUTER DATING” 


should of course be called MATCHUP DATING, 
since there is nothing particularly computerish 
about either the process or its intended result. 
But there we go again: word-magic, the impli- 
cit authority of invoking the word Computer. 
(See "Cybercrud," p. 3.) 


In the early sixties, a perky young fella 
at the Harvard B-School, I believe, one Jeff Tarr, 
came up with the notion of a computerized dating 
service. The result was Operation Match, an 
immense financial success, which sort of came 
and went. No followup studies were ever done 
or success statistics gathered, unfortunately, 
but they certainly had their fun. 


The basic principle of “computer dating” 
is perfectly straightforward. Applicants send in 
descriptions of themselves and the prospective 
dates they would like to meet. The computer 
program simply does automatically the sorts of 
thing you would do if you did this by hand: 
it attempts to find the "best" match betweeen 
what everybody wants and what's on hand. 
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CGR Citecks POUR CRE Hit 


Obviously this could be a matter for 
serious operations research: attempting to dis- 
cover the best matchup techniques among things 
that never really fil together, detail for detail; 
trying to find out, by followup questionnaires, 
what trait-matchings seemed to produce the best 
result, etc. But such serious matchup-function 
research remains, so far as I know, to be even 
begun. 


Obviously there are several problems. 
Demographically it is almost never true that 
"for every man there's a woman"-- in every 
age-bracket there's almost always an imbalance 
of the opposite sex in the corresponding eligible 
age-bracket, either too many or too few. But 
more than thet, there is little likelihood that 
the traits women want are adequately represen- 
ted among the available males, or vice versa. 
For introduction services it's obviously worse: 
there is no balance likely between what comes 
in one door and what comes in the other. The 
service can only do its best with the available 
pool of people-- and make believe it's somehow 
made ideal by the use of the computer. It's 
like an employment office: applicants don’t 
Match openings. 


Numerous other dating services have ap- 
peared, some of which don't even pretend to 
use the computer (and others which claim to 
be a registry for nonstandard sexual appetites), 
but none that's gotien the attention of the orig- 
inal Project Match. 


But there's no question who got the best 
dates out of that one. Jeff Tarr. 


DO YOU GOT RHYTHM? 


A device called the BIO-COMPUTER (trade 
mark) purportedly helps you predict your "body 
beats," telling you what days are the right sort 
of time to do particular things in terms’ of your 
own biological energies. The object costs $15 
postpaid from BIO-COMPUTER, Dept. CLB/DM 
(why not?), 964 Third Ave., NY NY 10022, 


The question with all such a: 
devices-- "fishing computers,” temic 
computers, etc., is always whether the theory 
and formulas which are built into them are cor- 
rect. There is no ready way to tell. 


ASTROFLASH, etc. 


There are various computerized astrology 
Services. Glven your date of birth, and hour 
if known, they'll type oul your signa, explan- 
ations, etc. Presumably there is a text network 
which the system selects among according to 
"reinforcing tendencies," ete., among the entities 
thought to be influential. 


Concelvably this could do nine-tenths of 
what a talented human astrologer does, and with 
the same validity, whatever that may be. In 
any case it’s probably a lot cheaper. 





Ie it too soon for a 
computer pornography contest? 


(Is it too late?) 


See p. bMI5. 


SUPER CUSTOMIZATION 


People think computers are rigid 
and invariant. This (as stated else- 
where in this book) is due to the systems 
which people have imposed, and then 
Blamed, on the computer. 


The fact is that computers are now 
being set up to give new Flexibility to 
manufacturing processes. Computers, 
directly connected to milling machines, 
gtind metal into any conceivable shape 
much faster than a human craftsman. To 
change the result, change the program-- 
in a fraction of a second. Fabric des- 
ign has been done on computer screens; 
the obvious next step is to have the 
computer control the loom or knitting 
machine and immediately produce what- 
ever's been designed. 


Custom clothing: soon we may look 
forward to tailoring services that store 
your fleasurements and can custom-tailor 
a suit for you to any new fashion, in 
minutes, (But will the price beat Hong 
Kong?) Customized printed matter is 
already here (see ‘Me-Books," p.67). 
Wherever people want individual vafia- 
tions of a basic manufacturing process, 
computers can do it. 


a 


The Telephone Company (at least in 
Diinola and Indiana) offers a speaker on 
"The Shadowy World of Electronic Snooping" 
to interested groups. 


i 





Modern mena 29, Interested 
in recurslve relations and reverse 
Polish culture. Phone a must. 

Contact box RS-232 (6 see p. M35). 





BETCHA DIDN'T KNOW... 


that the IRS hasn't been able to do instant 
matching of W-2 forme to tax returns. Thet'l) 
be fixed in fiscal '74, and Interest and dividend 
psymenl in '75. (TIME, 31 Dec 73, 17.) 
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This ls an outrageous misnomer. The 
computer ia only carrylng out, most speedily, 
whal hardened politocoes have always done: 
FACTIONAL ANALYSIS, now possible with new- 
found precision on the basie of certain election 
returns. 


This is based on the cynical, and fairly 
reliable, view that people vote according to 
what faction of the greater populece they belong 
to-- middle-class white liberals, blue-collar 
non-union members, and so on. The factions 
change slowly over time, and people move 
among them, but the fact of factionalism remains 
unchanged, 


Well. By the close of a major election 
campaign, most factions can be pretty well pre- 
dicted, especially as to presidential choice, or 
what proportion of that faction will go for a 
given candidate. 


But some factions’ reactlons are not cer- 
tain up to the day of the ballot. 


So. "Computer predictions” of elections 
basically break the country into ite factional 
divisions, stale by state and district by district, 
and then tabulate who can be predicted to vote 
for whom on a factional basie. 


Then what's the suspense? 
The suspense comes from the uncertain 


factions-- groups whose final reactions aren't 
known as the election starts. 





Certain election districts are known ta 
be chock full of the types of people whose reac- 
tion isn't known. 


The final "computer prediction” simply 
consists of checking out how those districts 
voled, concluding how those factions are going 
in the present election, and extending this pro- 
portion through the rest of the country. 


It's often painfully accurate-- but, thank 
ged, not always. When it isn’t don’t blame 
"the computer.” Thank human cantankerosity. 


THe VW CHEeckour COuPLER 


may or may not be a real computer-- friends 
have told me it isn't-- but it's certainly a good 
Idea. 


When you pul) your late-model Volkswagen 
into a dealer's service area, the guys can just 
roll out a cable and plug il into the corresponr 
ding socket in your vehicle. Al the other end 
of the cable Is some sort of device which tests 
a serles of special circuits throughout the car 
for Good Conditlon. These circuils indicate 
that things are working properly-- lights, plugs, 
points, brakes and so on. 


This is the same technique used by NASA 
up to the final moment of COMMIT LAUNCH-- a 
system of circuils monllors the conditions of 
whatever can be monitored, to make sure all's 
functioning well. It's more expensive to wire it 
up Uthat way, but it makes checking out the 
rocket-- or the car-~ that much easier. 


xR 
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SIC TRANSIT 


Some of the zappier new Urban Transit 
Systeme give you a ticket with a magnetic stripe 
on the back. Each time you ride you must push 
the card into en Entrance Machine, which pre- 
sumably does something to the stripe, till Gnally 
the ticket runs out and you have to Pay more 
money. 


Secrecy of the recording code is an impor- 
tant aspeci of the thing. Indeed, waggish gossip 
claims that some such systems start with a ) 
magnetic stripe and just add stuff to it, meaning 
the card can be washed clean with a magnet by 


larcenous commuters. Bul this seems unlikely. 


YOUR AUTOMOBILE COMPUTER 


computers in our cars? We refer here to two 
things-- 
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Didja know, huh, we're going to have 


anti-skid controllers, which are really 
just special circuits-- you know, 
“analog computers"-- to compensate 
among skidding wheels. Turns out 
thet this ie apparently more sensi- 
tive and reliable than even your good 
drivers who enjoy controlling skids. 
Already advertised for some importa. 


grand bus electronics (see p. 4t >. Since 
the electrical part of the automobile 
is gelling so blamed complicated, 
the Detroit Ironmongers have decided 
to switch to a grand bus structure 
instead of having all those switches 
and things separate anymore. Should 
make the whole thing far easier to 
service and customize. 


Presumably thie will all be 
under the control of a microprocessor. 
(See p.44 -) This means thal the 
car can have things like a Cold- 
Weather Startup Sequence-- a program 
thal starts the car, turns on the 
heater, monitors the engine and 
cabin temperature, and bleats the 
horn, twice, politely when il's all 
ready-- all al a time presel by the 
dashboard clock. 


Presumably Detroit is not yet 
planning to go this far. But because 
of the auto industry's anomalously 
huge influence in America, some have 
expressed the fear thal this move 

-- toward the integrated-circuit 
digitally-controlled grand bus-- 
would effectively put Detroit in con- 
trol of the entire electronics industry. 





The ever-clever Japanese are computerizing 
faster, better and more deeply than we are. 


They now have a prototype taxi operating 
under computer control. They're calling it, al 
least for export, Compuler-controlled Vehicle 
System (CVS). 


Basically it’s like an Elevated Railway-- 
you climb up and wail-- bul when you get in, 
you punch a button for your destination. Accor- 
ding to Hideyuki Hayashi of the Ministry of In- 
dustry and International Trade, the system will 
be operational in Tokyo within the decade, and 
is the “cleanest, safest, quickest transport sys- 
tem ever devised by man." ‘Think fast, Detroit. 





(A nice poi one of the most important 
features of such a syslem is that the vehicles 
don't react to each other, as do vehicles in the 
existing Humen-controlled Vehicle Syatem (HVS). 
A whole line of the cars can be accelerated or 
slowed simultaneously, a crucial aspect of their 
Nexibility and safety. Nothing can possibry 
go long.) 


(Leo Clancy, "Now-- Computer-Controlled, 
Driverless Cars," National Enquirer 3 Mar 74, 
24-5.) 


THOSE THINGS ON THE RAILROAD CARS 


As we lean on the fence a-chawin' an’ 
a-watchin' the trains go by, we nole strange 
insignia on their sides, in highly reflective 
Scotch-Lite all begrimed by travel. 


Basically it's a stack of horizontal stripes 
jn red, blue and other colors. This ie ACI, 
for Aulomatic Car Identification. It may yet 
straighten out the railroads. 


In this neolithic industry, it is not known 
at any given time where a railroad company's 
cars are, and some peculiar etiquette governs 
their unrequested use by other firms in the 
industry. Yet the obvious solution may come 
about: a running inventory of where all the cars 
are, where each one is going, whal’s in it, 
and who that belongs to. But, of course, thal's 
still in the works. Revolutionary ideas take lime. 
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THe ESS 


The national phone company (usually 
called affectionately, "Ma Bell”) has drastically 
changed its switching methods in the last few 
years. They are replacing the old electromech- 
anical switches, or "crossbars," with a new 
device called the ESS, or Electronic Switching 
System. If there's one in your area you may 
hear about it in their jolly news sheet that you 
fet with the bill. 


In the old crossbar days, a phone con- 
nection was a phone connection and that was 
that, Now, with the ESS, all sorts of new com- 
binations are possible: the ESS has stored pro- 
grams that determine ils operation. If you 
dlalled a non-working number, it jumps to a 
program to take care of thal. It doee all sorts 
of things by special program, and new programe 
can be Crealed for special purposes. Now the 
phone company is trying to find the services 
that people will pay for. Having calle rerouted 
temporerily to other numbers? Linking up 
several people in a conference call? Storing 
your most-called numbers, so you can reech 
them with a alngle or double digit? 





These particular services are now being 
offered experimentally. 


The way it worke is this: there are a 
number of programs stored in a core memory; 
the only "output device" of the system consists 
of ils field of reed switches, arranged to close 
circuits of the telephone network. 
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Depending on the numbers that have been 
dialled, and whatnot, the ESS jumps to a Specific 
program, and that tells it to connect an incoming 
call to particular other circuits, or to ring other 
lines, or whatever. 


It's really neat. 


There are only a couple of things to worry 
about. 


One ie that it makes wiretapping, not a 
complex bother involving clipped wires and men 
hunched over in cramped spaces, but a simple 
program. 


Another ie that some people think that 
blue-boxers (see nearby) may be able to program 
it, from the comfort of their own homes. Mean- 
ing that not just court-authorized wiretaps, but 
Joe Schmoe wiretaps, would be Possible. Let's 
hope not. 


TELAYTOGRAPH 


This has been around for decades, and 
has nothing to do with computers, but isn’t it 
nice? 


You write with a pen attached by rods 
to a transmitter; somewhere else, a pen attached 
by rode to a receiver duplicates what you have 
written. 


What is being transmitted consists of the 
Measured sideways motion ("change In x"), the 
measured up-and-down motion ("change in y"), 
end the condition of the pen ("up" or "down"). 
What would these days be called "three analog 
channels, multiplexed on a single line.” 


These only cost a couple of hundred dollars. 
Why hae nobody been using them for computer 
input? 
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Sugar Creek, Texas will have 3000 homes 
with a minicomputer-based alarm system. Evidently 
various automatic sensors around each house sniff 
for fres and burglars, as well as providing panic 
buttons for medical emergencies. 


The system uses dual Novas (one a backup), 
and prints out the news to fire and police dispatchers 
on a good old 33ASR Teletype. @igital Design, 

May 73, 16.) 
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ONE OF THOSE MYTHS 


“"Overpay your phone bill by one cent. 
lt drives the computer crazy." 


Nope. The amount of payment gets 
punched in and goes through the gears 
quite normally. 


If you want to put together your own computer-on-a-chip, 
or any other complex integrated circuit, a complele simulation- 
verification-layout-and-fabrication service is available from 
Motorola, Semiconductor Products Div., P.O. Box 20924, Phoenix. 
Arizona. Presumably it costs a mint, but after that you can roll 
out your circuits like cookies. 


Your circuit is overlaid on their beehive-chip of logical 
subclreuits, called a Polycell. You use their MAGIC language 
(Motorvla Automatically Generated Integrated Circuits), which 
then feeds a resulting circuit data structure to a program called 
SIMUL8 (yuk yuk) lo try out the circuit without building it. 


That way you can supposedly be sure before they make the final 
masks, 





I always figured that the dey of Computer 
Hobbyism would arrive when the folks al Heathkit 
offered a-build-it-yourself computer. But you 
know what they came out with inslead last year? 

A general interface for hooking things to the PDP-6. 


Cre 





Minicomputere handle various 
control functions in our mighty 
new Aeroplanes and Ships of 














It wae a truly stellar group that reported to 
Judge Sirica on 15 Jan 1974 that the 18-minute 
Watergate tape buzz had at least five starta and stops. 


The six panelists included: 


Richard Bolt, a founder of 

Bolt, Beranek and Newman, Inc. 
Franklin Cooper, head of 

Haskins Laboratories, Goo-p ) 
Thomas Sitockham, audio resynthesizer 

extraordinary (see p.5h I!) 


The news, however, generally referred to 
them as "lechniclans.” 





a swell video game now in bars, probably 
controls the four-player pingpong on the screen 
with a minicomputer or microprocessor. 


Especially exciting is the social possi- 
bility of horizontal screens for other fun inter- 
personal stuff. As well as collaborative work. 
(But boy, let's hope the radiation shielding is 
good.) 
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The Computer Diet by Vincent Antoneiti (Evane Pub.) 
shows the author sifting on the deskplate of a 360 console. 


The inside consists principally of charts he recom- 
mende for weight lor "The power of a modern digital 
computer” interpolated the tables. A slide rule might have 
have been simpler. 





The thing is, he presents a paper on the thermo- 
dynamics of weight loss which may be important; in this he 
states the difference equations which are the heart of his 
diet, And these may indeed be perfectly valid. So why not 
call it what it is, The Thermodynamic Diet? 


[00 See we 


Kirk Brainerd, of L.A., is using compu- 
ters for a registry of people with something to 
teach. He hopes that if people are mutually a- 
vailable to each other at a deep enough level, 
people can begin to act out of altruism in general. 


*NE-BOOKS * 


Would you believe that the greatest avail- 
able compuler service is for the kiddies? 


For four bucks and a half, an outfit called 
Me-Books will send, to a child you designate, 
a story of which he is the hero, in which his 
friends and siblings appear, and whose action 
involves hig addrese and birthday. 


Kids adore it. Children who don’t Ilke 
reading treasure the volumes; children who do 
like reading love them just as much. 


I can personally report, at least on the 
basis of the one I ordered (My Friendly Giraffe) 
that the story is beautifully thought out, warm, 
loving, and cleverly plotted. In other words, 
fer from being @ fast-buck scheme, thie thing 
has been done right. It's a splendid children's 
story. (1 won't revesl the plot, but the Giraffe's 
birthday, name and home address are related 
to those of the protagonist.) 





Moreover, it has three-color illustrations, 


is on extre-heavy paper and is bound in hard 
covers. 


(in case you're interested, any of the 
three programming languages expounded earlier 
in the book would be suitable for creating a 
Me-Book: depending on the language chosen, 
the holes left for the child's own name would be 
alphabetic variables, segment gaps or null arrays 
-- anyhow, you could do it.) 


Astute readers of the Me-Book will note 
that while it's not readily obvious, only the lines 
on which personalized information appear have 
been printed in the computer's lineprinter. The 
others have al] been pre-printed on a press. 
Indeed, the personalizatione appear on only one 
side of each page, the whole book being one 
long web of paper that's run through the line- 
printer just once before being cut and bound. 
But it’s so cleverly written and laid out that the 
story moves on beautifully even on the pages 
(hat don't mention the child's name. 


As an experiment, the author tried sending 
for a copy of My Friendly Giraffe as told about 
a little boy named Tricky Dick Nixon, residing 
at 1600 Penneylvania Avenue in Washington, D.C. 
The result was extremely gratifying, and well 
worth the $4.50. Herewith some excerpis. 
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BOOK SHIPPED TO GROWN-UP 
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once upon &@ tisc, in a place call 
Le bo: 
washington, there Rived a little YY 


nased Tricky Dick Nixon. 
i Little boy- 
tricky Dick wasn't just ao ordinary 
wou, TE 
3 s and gicls 
He had adventures that other Little boy 
ie 


just dreaa of. 


£ ntarese 
bis is the story cf one of his adve r 
T 
e day that qricky Dick net 


sets the story of tb 


a giraffe. 


As the giraffe came closer and closer, 
Tricky Dick started to vonder how in the 


world he vas going to look hia in the eye. 


a s in 
tricky Dick knew there were no jangle 


hingson. Especially on pennsylvania Ave- 
was: son. 


t Tricky Dic wasn't even a little bit vorried. 
Bu’ ick 1 ied 


pirs e' k s a very v ant boy- 
irst, becuuse ke was @ ery brave little boy 
ste 


n 7 i ieod, the 
and second, because he kaew that bis frieod, 
- 
g Ve! e hi Mi a. 
iraffe, wourd never take hia anyplace ba 
' 


Tricky Dick Mixon Fes hore 
Back in ®ashington. 


Back on Pennsylvania Ave 


And vith a Story to tel) his frienas that 
r. 
. 


they Wouldn'¢ have believe 


a if they baane 
ae oe ain't seep 
cK Fidiag off op the Giraffes 
q +*fe°s back, 
Tricky Dick Vould 
had seeg tin that day 


There would be many other exciting adventures 


for Tricky Dick and his friends. 


And paybe, just maybe, if you're a very good 


boy, someday ve'll tell you about those, too. 


PERSONALIZED ME-BOOKS™ NOW AVAILABLE: 


Jungle Holiday 
The child of your choice and 
the qiralle vist the animals in 
an amusement park Personal 
12ed throughout 


my 
Friendly Giraffe 


Your child and the child's irniends. 
and pels take a jungle tnp with 
alnendly giratle Personahzed 
m over 70 places 


cJVly~ 
Birthday Land 
Adventure 


People in the land of candy and 
cake tell all about your child's 
exacl birthday, from burthstone 10 
famous birihdays 


Special Christmas 


As Santas helper, your cid 
wits the Sanias of the ditlorent 
countnes and learns Ihe true 
meaning of Christmas 


For additional Me-Books™ wnitien around a child ol your choice, comptele an 
order form at your lavorte bookstore or write Me-Books Publishing Co. Dept 
MB2. 11633 Viclory Blvd . Norih Hollywood. Cali! 91609 Enciose $395 plus 
SO¢ lor postage and handling. (Call residents add 206 lor sales tax.) Be sure 
to stale which Me-Book™ you desire and include the tallowing inlormalion 


PERSONALIZED STORY 
1 cettarn ntormalign bed 
PRINT CLEARLY, one character pet 
Woot enough space. abbienate 
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About those fuany aumbers 
on your checks. 


You will note that all bank checks now 
have funny-looking numbers along their boltoms. 
They go like this: 

O234S6769 ome 

The numbers are odd but recognizable, 
The last four thingies are punctuation marks, 
which presumably can mean anything the pro- 
grammer wants them to, (In other words, 
frankly, 1 don't know their names or standard 
functions. ) 


The name of these numbers ie MIGR, 


which stands for Magnetic Ink Characler Recor- 
ding. They are printed in magnetic ink-- not 
magnetic 90's you could record on it, like mag- 
netic tape, but chock ‘full of iron and vilamins 
so that as its blobs whiz past a special read 
head, they cause a specific sequence of pulses 
in the parallel circuits of the read head that can 
be decoded as the specific number or mark. 


The MICR system wae designed in the 
late fifties, with the technology convenient al 
that lime, and would certainly not be designed 
that way now. Nevertheless, these weird-looking 
symbols have inspired various 


AIDICULGUS TYPE-FACES, 


which apparently look lo the public like the 
latest holcha whizbang zippity up-to-date futur- 
istic stuff, even though to the knowledgeable 
person they bring back the lale fifties. (In 
fact there are no letters in the MICR character- 
set.) 


Wheat, then (you may ask) would symbols 
designed for computers look like if (hey had 
been designed more recently? 


We were Just getting to that. In fact, 
there are two such alphabets, called OCR (for 
Optical Character Recognition). They have 
been standardized so everybody can design 
equipment and/or programs to work with them. 
They are called the A and B optical fonts, or, 
for completeness, OCR(A) and OCR(B). 


They are very disappointing. 


OCR(A) is a little sexier. At least it 
looks like something. (Evidently it's slightly 
easier to deal with and design for.) But the 
other one, OCR(B), just looks like the alphabet 
next door. Here they are. 


ABCDEFGHIJKLM 
NOPQRSTUVWXYZ 
01239456789 
eather / Sure 
Ne },2 red 
UNKGOOARE¥ 


O¢R(A) 


1234567890 

ABCDEFGHIJKLM 
NOPQRSTUVWXYZ 
abcdefghijklm 
nopaqrstuvwayz 
wees rig. 
21) <>CIZ#8a% 
né$|\" — ¥ 


oer (8) 
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(ib OF Role 


One of the world's most exclusive clubs 
Le also one of ts most dismal. It ls The Club 
af Rome, founded by Italien businessman Aurelio 
Peecel, having (as of 1972) some seventy mem- 
bers from twenty-five countries. 





: ‘Their concern they call The Predicament 
of Mankind, or the “problematique.” It Is the 
problem of growth, pollution, population, and 
What's Happening In general. 


On funds from Volkewagen, they heve 
sponmred studies which thinking men can only 
regard as the most dismal in portent of anything 
wo've sean in years. Or ever. 


Basically the prediction is that mankind 
has perhape forty or Gifty years left. 


Not because of war, or bombs. or dirty 
movies, or Divine retribution, but for simple 
economic reasons. However. the studies are 
aften called “computer studies,” because compu- 
ters are the viewing mechanism by which we 
have come to see these coming events. 


MALTHUS AGAIN 


In the nineteenth century, © pesaimistic 
economiat named Thomas Malthus predicted that 
there would always be sterving people, because 
people increased geometrically-- expanding et 
compound int with a fixed rate of increase 
creating an ever-steeper growth-- while agricul- 
tural production, which must feed us all, expends 
arithmetically, not os @ rate but @ few acres or 
Improvements at a time. 








This meant. Malthus thought. thet there 
would always be the starving poor. For various 
Feasons this did not happen in Europe. Bul the 
regrettable soundness of the general principle 
persisie: when rates of food production can't 
nearly keep up with rates of population growth, 
people sre golng to starve. 











This ie basically the prediction. 
DYNAMIC MODELLING 


Basically what has happened Js thls. Ons 
Jay Forrester, of MIT. hes for some yeers been 
studying “dynamic models” of things, » new 
breed of simulation which couldn't have been 
done without computers. And now dynamic 
models of the world’s entire economic system 
can be created and tried out. 





Basically dynamic models ara mathematical 
complexes where things change et rates that 
change themselves over time. For instance, the 
more you eat, the fatter you get. and the fatter 
you get, the hungrier you are guing to be. Now, 
Just becuuse this is simple to say In words, and 
wunde as though mathematicians would have hed 
solved the whole clase of probleme centuries ago. 
that's not how it Is. The intricacy of such 
even for just a few variables, made it 
impossible to foresee what happens in such com- 
1 by techniques of compuler eneciment. 
Forrester, who has studied auch systems since 
the fift_les, nas become alert to their problems 
and surprises. The culmination of his work has 
Deon a model of the entire world's economic 
+ agriculture, population, industriallzation 
and pollution; thie ts described in his book 
World Dynamics (Wright-Allen, 1971). 

















The insidious portents of Forres- 
ter's work did not go unnoticed. The 
dangers of population increasing at com- 
pound interest on a planet of unchanging 
size, and further derlvatives of these 
changes, suggested that things might be 
ectting worse than anybody thought, An 
alert Italian businessman brought togeth- 
er a group of scholars from all over the 
world to study these problems, and called 
the group The Club of Rome. Their first 
work is out now, and it is very scary 
and all too real. The book is called The 


Limits to Growth. 





Basically what they have done is a 
very elaborate computer simulation, 
modelling the entire economy of the planet 
in the years to come as a structure of 
rates They have taken into account 
Population, food-growing capacity, indus- 
trial growth, pollution, and a lot of 
other things, The model is precise and 
elaborate. 








Unfortunately the findi a 
cise and simple. Pe rere yee 


They tried all kinds of alternative 
futures using the model-- what would 
happen if the birth rates were different? 
What if there were no pollution? What 
if resources were infinite? 


The results of the simulations are 
always the same. 


According to all the simulations, 
the human race will be wiped out-- mostly 
or completely-- by the year 2100. 


Let's go briefly through the model. 
Note that it can’t be exact, and we cen't 
know vhat years things are going to hap- 
pen. The curves themselvess- the sh pe 
Of things to come-- tell the story all 
too clearly, (For those who would like 
& Alttle more drama with their numbers, 
Finding these matters too abstract, I 
strongly recommend the very beautiful 
Indien film "Distant Thunder,” a sort of 
“Mr. Smith Sterves to Death. Or juse 
Stick around awhile.) 


HUN? 








The model assumes that birth rates 
Stay relatively constant in particular 
parts of the world, and that new land 
and agricultural techniques increase food 


Production in relatively well-understood 
ways. 


Of course, population continues to 
g° up, on the familiar but deadly curve. 





Civilization, and the bulk of mankind, 
have about forty years to lve, according to 
certain studies (see p.G)- The etudies 
are depressingly good, although unfinished. 


There are four possible things to do. 
1. Ignore It. 
2. Deny It. 


3. Seek individual salvation somehow. 
Hide in a remote corner. Lay in slores. 


4. The glorious Qameout. Eat, drink 
and be merry, for tomorrow we die. Or 
apocalyptic occultiem, of whatever. 


5S. Work sterting now. In whatever 
Glrecione might, just might, polnt or con- 
tribute to a way out. 





Ine ——> 


Now for the good news. Food pro- 
duction also tends to increase: 


fond 





Now for the bad news. The running 
ratio of food to people, Food per Capita, 
takes a sudden nose-dive. And then so 
does population. , 


Foop ret PERSON 


& 


It ia not any individual prediction th 
frightening. since the numbers plugged Into the 
Separate runs are merely hypotheses, to show 
the shape of the consequences. I Is the overall 
set of runs that is so ghaslly, becouse they el 
ways come out the same. 








PAY CLOSE ATTENTION 


Now. it is important to clerify what 
happening here and what Is not. What Js not 
happening: an oracular pronouncement by “the 
computer.” showing some transcendental predic- 
tion by @ superhuman Intelligence. What is hap- 
pening: people are trying out separate possible 
assumptions to eee whel their consequences are, 
enacted by the computer according to the economic 
rules they set up. Result: alwaya the same. 

Any set of rules. played out in the unstable 
exploding-population world beyond the seventies, 
appears to have similarly dire results. 











WHAT HOPE IS THERE? 


The original model is only an approxima- 
tion, and the basic results, as published in The 
Limite to Growth (see box) reflect those appro) 
Imations. “One of the things that can be done is 
to fill in and expand the model more, to see 
whether any hopes can be found In the detalle 
and fine cracke which don't appear from the 
Gross results, And, of course, lo study and 
Te-etudy the basic findings. (For Inelance, a 
small error was recently found: @ decima) point 
was misplaced in the “pollution” calculetion, 
leading to an overstatement of the pollution In 
some of the runs. (But pollution, remember, is 
only part of the problem.) 














So there you are. This le a study of the 
greatest importance. We may, Just may, be gel- 
ting wind of things In time (o change the outcome. 
(Qf only we knew how. Bul again, this study 
Is where serious discussion must begin.) 





SS 


1BM [S BULLISH ON THE FUTURE 


Lewle M. Branscomb, who has the awe- 
some title of Chief Sclentist of 1BM, has been 
giving numerous talks recently thal seem to be 
directed against pessimism resulting from the 
Club of Rome studies. 


‘On the shoulders of the Information 
Processing community reste the responsi- 
bility for convincing the public that we 
have the toole, If It has the will. to ad- 
drese the complex systems management 
Probleme of the future," Branscomb said. 


“More than any other profession 
our community can restore (he public's 
confidence that from the limlted resources 
of the world can ba fashioned a life of 
well-managed ebundance for all." he 
concluded.” 





(Keynote apeech, ACM 73, quoted 
In Computerworld, 5 Sep 73, p. 4.) 


ENNGRME. 


Now begins the winter of the world. 
We are poleoning everything. 
With so lttle time lef, we are of course 


expanding and sccelerating every form of pollution 
and destruction. 





We are killing the last of our beautiful 
brothers, the whales, just to provide marginal 
amortization of the whale-ahips that are going 
to be scrapped anywoy. 





Item: supposedly the Sahara Desert was 
man-made, It ls growing fast. 


Set down upon this beautiful planet. a 
garden spol of the universe, we are turning It 
Into s poisoned pigsty. 


You and 1 may starve to desth, dear reader. 
In some year fairly soon now, around the turn of 
the century, there will no longer be nearly e- 
nough food for the teeming billions. 


That, enyway, is whal the predictions 
The predictions are compelling. not because a 
computer made them -- anybody can make @ com- 
puter predict anything-- but because the prem- 
jses from which the predictions grow were 
very well thought out. 








tt is now up to us to meke the predictions 
come out wrong. 


Not by killing the beerer of bad tidings 
or by pretending they were not clearly stated-- 
but by seeing what possible alternatives remain 
in the few momenis of real cholce we may yet 
have-- scant yeare at best. 





To haggle now about ideology |e lke ar- 
guing about who is driving while we are headed 
toward @ brick wall with the ges pedal jammed 
to the floor. 


The public thinks, "science will save ua," 
a view al which many scientists snicker bitterly. 
Perhaps we will be shrunk (o an inch’s helght. 
or fed on rocks, or given giile end euper-kidneys 
lo live in the ever-more-poisoned sea. Or per- 
haps we will do wheal science says others have 
done: die out. 


This science-will-seve-us ostrich-position 
Is nicely exemplified by Albert Rosenfeld, Sclence 
Editor of 





Since “eclence" has given us the Boeing 
747 and the neutrino, neither of which could 
once, he thinks, have been imegined possible, 
obviously (to him) science can do anything else 
we think is impossible! He fully imagines that 
science will come up with something lo take 
care of geometrically increasing numbers of 
people. In perpetuity? 





Take & lesson from the neutrino,” he 
says. "We solve our problems.” ("Look 
lo the Neutrino, Thou Doomsayer," Saturday. 
Review/World. Feb 23 1974, 47.) 





OTHER FUN 


The growing diffusion of weapons and 
grudges, and the great vulnerability of almost 
everything. aseure thal terrorism and political 
extortion will wil) increase dramaticelly for 
the foreseeable future. On the other hand. 
whole economic blocs and industries heve 
lately mastered and demonstrated by example 
how to hold the country at bay in order to 
gel their wishes: as everybody can see what's 
happening. and learn from it, the number of 
wrenching uppleasantr.esses created by terrorists 
and industrics and interest blocs will increase. 


All these were essentially foreseen by 
Thomas C. Schelling in his masterly 1960 work, 
The Strategy of Conflict. Schelling formalizes 
@ theory of inti jon es part of hie study of 
communicating adverserics. (His i uct 
rather then @ peychological study, exemining 
the properties of situations whether or nol thay 
are psychologically percelved. Regrettably, 
Perception of situations is improving all tho 
time.) 






—_———, 


Cousteau says (he oceans are dying 
a lot faster than he anticipated 
=~ and gives mankind fifty yeare 
after llfe ends there. 


———— 


But even if everything else were all right. 
the Breeder Reactors are sure to gel us. 1 refer 
10 those wonder machines (hel the electric com- 
panies ere calling Cleen Energy for the Future. 
What is not explained with such slogans Is that 
breeder reactors not only create energy, they 
create stomic waste. breeding new fisslonable 
material-- including plutonium. Plutonium is 
well named for the gcd of hell. Chemically a 
poleon and rediosctively a horror, it does not 
go away; wherever we pul il, it will get back 
to us. 


The mere radiation (rom the atomic crap 
Js hardly the problem. The radlosctive poisons 
are getting Inlo the oceans. They ere getting 
into the clean waters of the land. (A December 
1873 newa report, for Instance, revealed (het 

@ 1968 leek of radioactive chemicals wae Into 

the water supply of Bloomfield, Colorado.) Now, 
atomic enthusiasts call it a Disposal Problem. 
like the question of where to bury the garbage. 
But It's a very different problem. Wherever we 
Put lt, It will come beck. The No, that'll 
be poisoned after the containers go. Deep wells? 
The mountains? But (here ls no place thet can- 
Rot be guaranteed agalne! earthquake and re- 
cycling. 1 will come back. Though dozens of 
generations might survive It, it will be wailing. 








But the breeder reactors multiply this 
outpul. Perhaps we could survive the the waste 
for a few hundred years, Ull il comes back out. 
But the other part of It ls the Mesionable material 
which can be made into beckyard bombs. 





That's the kicker. Wilh more and more 
Qeslonable crud being disgorged, its evallabillty 
for terrorista who want to build thelr own in- 
creases. Ralph Lapp polnted out last year thet 
the stuff wae shipped in unguarded trucke, and 
one oF two good hijackings would enable any 
bright kid to build his own dirty A-bomb, By 
the year 2000 it Is not Inconcelvable thet bootleg 
atomic weapons will be a8 widespread as hand- 
guns in Detroil-- and as much used. 





But now, with the breeder reactors-- ir 
lots of countrie: pouring the stuff out, the ers 
of etomic plenty je here. The smaller countries 
who want them are getting thelr stomic weapons 
-- though holding back assembly of the parts, 
for various reeso lt is generally believed 
among bomb-watchers, for instance, that India 
and Israe) have theirs anytime they want. 








Add thie to the great avalanche of mlasiles, 
tall and horny in thelr ellos, ready to go on two, 
laler three or four, sides. (The U.S. official 
arsensl now stands at the explosive equivalent 
of 5 billlon tons of TNT, a ton of TNT for every 
human being. And that's just the explosive part, 
hol the fallout; @ fraction of these bombs could 
destroy all life on earth by its seething residue.) 
And now, because of the SALT 1lks, we may 
eupect a new and drastic increase of (hie Readiness 
Posture. Hoo boy. What Is there u sny. 











So there it is, folks, merry times ahead. 
Humanity may end with a bang (thermonuclear 
exchanges, or just deeultory firings urtll we're 
all polaoned or sterile). or a whimper (universal 
slervetion), or, | would anticipate, some spastic 
combination of the two. and all within the (pos- 
elble) Ifetime of the average reader. Thio ls, 
al any rate, what I think most likely. 


Except of course we won't eee i happen 
thal way. We'll watch the starvations on TV 
(as we did Biafra, Bangladesh, now West Africe, 
what next... India?), and tek about the poor 
forelgners who can‘( take care of themselves. 
And as (he problems Increase and mave toward 
our heartland. it'll be blemed on environmentalisis 
and on the news medie, till bang. 


Or maybe not. Just maybe. 


But we've all got lo gel access to the Club 
of Home models. and look for holes or strategies. 
If computer modelling systems doing this kind of 
work are made widely enough available, perhaps 
ome precocious grade-schooler or owlish hobbyist 
will find some way out that the others heven't 
hit on... 


We've gol to think hard about everything. 
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presenta 5 most discouraging view of 
this country’s actions ir the SALT talks. 


One Access Catslog. not to be named here, gives 
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ha ha. "The U-235 we are using, (although 
Plutonium will work just as well) is a 
radioactive substance and deserves some 
carc in handling. It is NOT redioactive 
enough to kill with Limited exposure, but 
don't sleep with It or anything.” And eo on, 
Thanks @ lot, fella 





Ralph Lapp hed a piece in the New York Times 
Magazine last year, pointing oul thal 
plutonium |e shipped In unguarded trucke 
and it's only a matier of time before 
purcks gel their hands on it... 
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Watergate? Yes, to the Best of Our 
Recollection," is 4 very helpful general 
source, especially for those who suspect o 
connection between "Walergate” and the 

Jnatlons of the Kennedys, Malcolm 

etc. But for a 

rea) chill see "Mee Brussell's Conspiracy 

Newsletter” in the March 1974 

Reelist, as well ae "Who le Orgenized 

Crime and Why Are They Saying Such 

Awful Things About It,” same issue. 
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Perhaps the Club of Rome study should be called-- 


THE HOLE EXRYH CATALSG 





"T have a 4ree 


Pp. My feeling frankly ia this. 


know I vas just thinking 
wee Le ae Twas making up ry notes 
for this little talk, you knov, 
what the hell, it 18 & little selo- 
Qramatic, but it is totally true 
that what happens in this office 
in the next four years vill proba- 
bly determine whether there is a 
chance, and it's never been done, 
that you could have same sort of an 
unesay peace for the next 25 years. 





£. Uh huh. 


(wien te Ehrlichmann. Apr 73. 


Thank you, Hr. President, 





Read IT &NY WEEP 


Donnella H. Meadows. Dennis L. Meadows, Jér- 
gen Randers and William W. Behrens Ill, 
The Limits to Growth: A Report for TH 


CLUU OF ROME'S Project on the Pre: 











ment of Mankind. Universe Books. paper, 





$2.75. 


“Things are going to get worse and worse 
and never get any better again.” 


~~ altributed to 
Kurt Vonnegut, Jr. 


“ FOLKS DON'T NEED THESE 






SHMOOS!!-- 
THEY ALREADY GOT ONE-- BIGGEST 
SHMOO OF ALL-- TH' EARTH, ITSELF! 

JEST LIKE THESE LI'L SIIMOOS, IT'S 
READY T'GIVE EV'RYBODY EV'RYTHING 
THEY NEED!! EF ONLY FOLKS STOPPED 
A-FIGHTIN', AN' A-GRABBIN’-- THEY'D 
REE-LIZE THET THIS SHMOO-- TH' EARTH-- 
GOT PLENTY O' EVERYTUING-- 

FO" EV'RYBODY!!" 





~~ Li'l Abner 
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ons Throug Conprfer Screens 
New Free ms ics ale Report 


Ths is The fl, side of Gapvter Lit 


3M2 


Come dream aloas wil we: 


Te ted Is WeT To Be. 


©IV TY Keodor Hellebos 


ALL rigdta reserved, 


This is the Mip eide of Computer Lib. 


(Feel free io begin here. The oiher side 
ls just if you want to know more about computers, 
which are changeable devices for twiddling sym- 
bole. Otherwise skip it.) 


_ But if you change your mind it might 
be fan lo browse.) 


In @ sense, the other side has been a 
come-on for this side. But it’s an honest come- 
on: 1 figure the more you know, the readier 
you'll be for what I’m saying here. Not neces- 
sarily to agree or be “sold,” but to think aboul 
il In the non-eimple terms thet are going to be 
necessary . 


The material here has been chosen largely 
for lta exhilarating and inspirational characler. 
No matter whal your background or lechnical 
Wnowledge, you'll be able to understand some of 
thie, and not be able to understand some of the 
rest, That's partly from the hasty preparation 
of this book, and partly from the variety of |n- 
tereste ['m trylng to comprise here. 1 want to 
present various dreams and their reeulting dream 
machines, all legitimate. 





If the computer is a projective system, or 
Rorschach Inkblot. a6 alleged on the other side, 
the real projective syatems-- the ones with pro- 
jectors in them-- are all the more 60. The things 
people try to do with movies, TV and the more 
glamorous uses of the computer, whereby it makes 
pictures on screens-- are strange inversions 
and foldovers of the rest of the mind and heart. 
That'a the peculiar origami of the eelf. 


Very well. This book-- this side, Dream 
+ is meant to lel you see the choice 

Noting that every company and uni- 
versity seems to Insist thet Its system is the 
wave of the future, { think it le more Important 
than ever to have the alternatives spread out 
clearly. 





But the “experta” are not guing to be much 
help; they are part of the problem. On both 
eldes. the academic and the industrial, they are 
being painfully pontifical and bombastic in the 
Jerring new Jargons (see "Bebelb in Toyland," 
Pp. ). Little clarity is spread by thle. Few 
things are funnier than the pretensions of those 
who profess to dignity, sobriety and profeaslon- 
allem of their expert predictions-- especially 
when they, too are pouring oul thelr own personal + 
views under the guise of technicallty. Most peo- 
ple don't dream of what's going (o hit the fan. 
And the computer and electronics people are like 
generals preparing for the lest war. 


Frankly, | think it's an outrage making it 
look as If there's any kind of scientific basis to 
these things: there ie an underievel of technicality, 
but Ike the foundation of a cathedral, it serves 
only to support what rises from lt. THE TECH- 
NICALITIES MATTER A LOT, BUT THE UNIFYING 
VISION MATTERS MORE. 


he more ewe ne mere books. 
fe more feachers'dirfe /eoks. 


kids! josle wift anew mean, 


he Fs a Jfrhospe} 


ME GESTALT, DEAR BRUTLS, 
IS MOT IN OUR StARS 
BUT IN OURSELVES. 


‘DREAMS 


Technology is an expression @f man's dreams. If man did 


Bot indulge his fartastés, his thoughts alone would inhibit the 


development of technology itself. Ancient visionaries spoke of 
distant times and places, where men flew around and about, and 
some could see each other at great distance. The technological 
realities of today are already obsolete and the future of 
technology is bound only by the limits of our dreams. Modern 
communications media and in particular electronic media are 
outgrowths and extensions of those senses which have become 
dominant in our social development. 


How Wachapresa, "Hyper-Feality.” 
@ Audicae Led. 973. 


CHILDREN oF 


HL, TGS! 


Ladies and gentlemen, the age af 

peestidigitative presentation and pub- 

a lishing is about to begin. Palpitaling 
Presentations, screen-rcribbled, will 

dance to your desire, making mani- 

fest the many mysteries of winding 

wisdom. But if we are to rehumanize 

a ‘an increasingly brutal and disagree- 
able world, we must step up our 

efforts, And we must hurry, Hurry. 





“When you're 
dealing with media you're in show business, you 
know, whether you like it or not 

“Show business,” he said. “Absolutely. We've gotta 
he in sh wisiness. We've gotta pul logether a tcam 
Cat will get us there.” 

T made a mental note to use the show Dutiness me- 
taphor again, and continued. “INM's real creative tal- 
ent mobahly Firs inather areas 





















tieywood Gould, Corr 
Freak (Tover), 










This book has several simultaneous Inten- 
tions: to orlent the beginner {n fields nore 
complex and tled together than almost anybody 
reallzes; nevertheless, co partially debunk 
eval realms of expertise which I think de- 
serve slightly less attention than they get; 
and to chart the right vay, which I think uniquely 
contlnues the Western traditions of |iterature, 
scholarship and freedom. In this respect the 
book is much more old-fashoned than [t may seen 
at the gee-whiz, very-now leve). 








The malin {deas of this book I present not 
aw my avn, but as a curlous spectes of revealed 
truth, It has all been obvious to me for some 
time, and I helleve it should be obvious as well 
to anyone who has not been blinded by education. 
If you understand the probleas pf creative think- 
ing and organizing ideas, if you have seen the 
had things sehool so often does to people, If 
you understand the sociology of the intellectual 
vorld, and have ever loved a machine, then this 
book says nothing vou de not know already. 


AUTHOR'S COUNTERCULTURE CREDENTIALS 





Let 


One*ime seventh- grade dropout. 


Writer, showman, generalist. Gemini, moon in Libra. Gemini rising. 

I have relatively little interest in improving the educi 

Author of what may have been world’s first rock musical, "Anything & Everything.” Swarthmore College. November 1857 (with Richerd L. Caplan) 

Photographer for a year al Dr. Lilly's dolphin lab (Communication Research Inetitute. Miami, Florida). . 
(ike many others). and it changed my life (as others have reported). 

Lifelong media nut. Magazine collector: hung around TV studios as child. Compulsive explainer. Gimmicist by disposition, computerman by accidestiny 





For every dream, many details and intri- 
eacies have to be whittled and interlocked. Their 
Joint ramifications must be deeply understood by 
the person who ie trying to create whatever-It-ia. 
Each confabulation of possibilities turns out to 
have the most Intricate and exactly detalled results. 
(Thie is why I am so irritated by those who think 
“electronic media" are all alike.) 


And each poasible combination you choose 
has different precise structures implicit in it, 
arrangements and units which Now from these 
ramified detells. Implicit in Radio lurk the 
Time Slot and the Program, But many of these 
possibilities remain unnoticed or unseen, for a 
varlety of social or economic reasons. 





Why does it matter? 


lt matters because we live In media 
fish live in water. (Many people are prisoners 
of the media, many are manipulators, and many 
want to uee them to communicate artistic visions.) 





But today, al this moment, we can and: must 
design the media, design the molecules of our 
new water, and | believe the detalls of thie design 
matter very deeply. They will be with ue for a 
very long time, perheps as long as man hes left; 
perhaps if they are as good as they can be, man 
may even buy more lime-- or the open-ended 
future most suppose remains. (See "Endgame," 
p. 6%.) 


So in these pages [ hope to orient you some- 
what to various of the proposed dreams. Thie is 
meant also to record the efforte of a few Brewster 
McClouds, each tinkering toward some new flight 
of fancy in his own sensoarium, 


But bear in mind that hard-edged fantasy 
is the corner of tomorrow. The great American 
dream often becomes the great American novelty. 
After which fl's a cholce of style, size and fin- 
ancing plan. 


The most exciling things here are those 
that involve computers: notably, because compu- 
ters will embraced in every presentational medium 
and thoughtful medium very soon. 


That's why this side is wedded to the other: 
if you want to understand computers, you can take 
the first step by turning the book over. 1 figure 
that the more you know about computers-- eepecial- 
ly about minicomputers and (he way on-line sye- 
tems can respond to our slightest acte-- the better 
your imagination can flow between the lechnicall- 
ties, can slide the parts logether, can discern (he 
shapes of what you would have these things do. 
The computer is not a limitless partner. but It is 
deeply versatile; to work with il we muet under- 
stand what It can do, the options and the costs. 








My special concern, all too lightly framed 
here, is the use of computers to help people 
write, think and show. But I think presentation 
by computer is # branch of show biz and writing, 
not of psychology. engineering or pedagogy. 

This would be Idle disputation if It did not have 
far-reaching consequences for the dealgne of the 
systems we are all going to have to live with. 

Al worst, | fear these may lock us in; at best, 

I hope they can further the individualistic iradi- 
tions of literature, film and scholarship. But 

we musi create our brave new worlds with art, 
zest, intelligence, and the highest possible ideals. 


| heve not mentioned the emotions. Movies 

and books, music and even architecture have for 
all of us been part of important emotional moments 
The same is going to happen with the new media. 
To work at 6 highly responsive computer display 
screen, (or instance, can be deeply exciting, 

like flying an airplene through a canyon, or 
talking to somebody brilliant. This is as it 
should be. ("The reason is. and by rights ought 
to be, slave to the emotions.” -- Bertrand Russell.) 











In the design of our future media and sys- 
tems, we should not shrink from this emotional 
aspect as a legitimate part of our fantic (see p. 

DMYg) design. The substratum of technicalities 
and the mind-bending, gut-alamming effects they 
produce, ate two sides of the same coin; and to 
understand the one is not necessarily to be 
alienated from the other, 





Thus it is for the Wholiness of the human 
spirit, that we must design. 
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al aystem within the existing framework. 


Atlendee of the Great Woodstock Festiva) 


What we are all looking for is not where we thought it was. 
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To THE THIRD PRINTING 
Avg if I¢7s. 
© |97S Theedor #. Nelson 


Gee whiz, folks, here we are at another prin- 
ting and already the big clock on the wall telle 
us that another year has gone by. 

This supplement is mainly thinge that had to 
be mentioned, but it kind of assumes you've read 
the book itself or are generally familiar with 
computers. BOOKSTORE BROWSERS: avoid these four 
pages. NEW OWNER OF THE BOOK: Check that the 
pages are right, ight. 

SORRY THE TYPE STILL ISN“T BIGGER, but that 
will require thousands of bucks in new negatlv: 
meaning a lot more have to be sold as is. 








YOUR UNDERGROUMY ¢ouPUTER MAES 


The redoubtable PCC is now e1x issues and six 
dollare a year. People's Computer Company, 
P.0.Box 310, Menlo Park CA 94025. 

BYTE Magazine, §10/year if you hurry, $12 later, 
from Green Publishing Co., Peterborough, NH. 
Editorial: Carl Helmers, Box 378, Belmont 
MA 02178. Wardvare-oriented. 

Creative Compucing: The Magazine of Recreational 
and Educational Computing. Ideametrice, 
P.O. Box 789-M, Morrietowa, NJ )7960. Weird 
variety of subscription rates: atudent $6, 
"individual" $8, "institutional" $15. 

The Computer Hobbyiet, $6/year, Box 295, Cary NC 
27511. Hacdware-oriencted. 

Computer Notes (for Altair users; from MITS). 

Nicro-8 Nevaletter, for people really inte the 
Intel. Hal Singer, Cabrillo High School, 
4350 Constellation, Lompoc CA 93436. 

and also 

Simulation and Gaming News, Box 3039 Univeraity 
Station, Moscow, Idaho 83843. 

Electronotes is the magazine for music synthesizer 
freaka. Bernie Hutchins, 60 Sheraton Drive, 
Tchaca NY 14850. 

and something elee entirely, 

Privacy Journal, a monthly newsletter on problems 
of privacy, many or most of which Involve 
computers. P.O, Box 6844, Washington, D.C. 
20003; $15 a year. 











QWote: it ie of interest that a bill on computer 
privacy in thie year's House of Represen- 
tatives just happened to be HR 1964.) 


+ ot 


COPYRIGHT AND Cory cones 


One individual I know, who relishes his 
counterculture image, told me with angry and 
ahaking voice that he doesn't believe in copy- 
right and that anything that gete near hie 
computer belongs to him. Well, don't leave 
your manuacripts near such a person. (Why is 
it alwaye the guys with cushy and secure jobs 
who tell you tweedle de dee, ideas should be 
free, and patents and copyrights are selfish?) 

Actually, for the individual, one of the 
strongest forms of protection available ia 
copyright. Far from obsolete, the copyright 
makes publishing, and the better computer 
software, possible. (It is not generally 
known that copyright violation is a felony.) 
(And ripping off a program you're supposed to 
pay for ie not a brave guerrilla affirmation, 
like hitting Harold Geneen with a pie, but 
grand larceny.) 

New that Altaire and LSI-Lls have got a 
lot of you guys dreaming about selling soft- 
ware, an important question is how to protect 
your work. Well, you have a champion. 

Calvin Mocers (see pp. 16-21) is not only 
4 genuine Computer Pioneer From The Forties, 
but, along with Herb Grosch, pioneered the 
Computer Counterculture. Groach flaunted a 
beard in front of old man Watson, Mocers 
strove to make computers easy to use-- back 
when that was unheard of . 

One of his current interests is in ways 
that small independent underground-type pro- 
gramers can protect their developments. He 
and some associates are exploring the possi- 
ble formation of a group for the legal pro- 
tection of amall software producers and owners. 

Incidentally, when you think something 
you've written belongs to you-- a computer 
Program, poem or whatever-- slap the followlng 
at the beginning, under the title: 


©) 1975 trving snerd 


substituting, of course, your own name. And 
the year currently in effect. If computer prin- 
ting ie used, (C), using parentheses, is consi- 
dered an acceptable gubstitute for c-in-a-circle. 

This not only gives notice to potential 
Borrowers, but it hae certain strong magical 
properties as a legal incantation. See your 
lawyer for details, but don't hesitate to apply 
it liberally to your own werk; you may be glad 
you did. 
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HECK YOUR Book How 


A lot of copies of this book aave not been put together correctly. 

We hope that's all over now, but if thia book belongs to you 
please check it. Incorrectly-made books will be exchanged. 
within two weeke of purchase (address on p. 2). Otherwise 


you have a Collector's Item. Chee: Q Dates 


ALL YOU NEED DO IS CHECK THE NUMBERS ON THE “COMPUTER LIB‘ SIDE. 
They run straight through from cover to cover, even though 
the contents flip capriciously. If the letters "DM" appear 


anywhere amongst these plain numbara, you got a lemon. 





7 omeesUTAN 














TINS 


All the DM numbers are supposed 
to be on this side only. They poop out 


7\ at number 59, and were intended merely 
for cross-reference. 





TRE WUTAIR STORY 


Tt began with a bang last Christmas: the 
cover of Popular Electronics showed ‘a computer 
you can build yourself for only $400'! 

It wae real. A young firm in Albuquerque 
called Micro Instrumentation and Telemetry Sys- 
tems, or MITS, had finally done it: a computer 
for well under $1000. In a box not much bigger 
than a typewriter, a machine comparable to the 
Univac I. They called Lt the Altair 8800. 

Of cour in a way this was ap obvious 
step. The MITS computer wae simply the pack- 
aging, as a computer, of a specific Integrated 
circuit chip that had been on the market for 
some months. This chip, the Intel 8080, ie a 
microprocessor, or two-level computer (see p. 
44), generally employed for fixed purpoges in 
cash registers, pinball machines, and the like, 
Hovever, to make it a "general" computer-- with 
the engineering, hookups and accessories that 
entalled-- would be no small tatter if taken 


seriously. (Euaf. wet ry fash afer) 


Next in computer hobbyiam vill 
obviously be the Computer Van. 
Already vans come with auivel 
thrones, four-track stereo, 
color TV; ao this next atep 

te obvious. But most important, 
recreational vehicles can be 
Purchased on very long time- 
Plane, sometimes seven years. 
(MITS hae a demo van with Al- 
tair, floppy disk, lineprinter. 
It drives around showing off. 
But they'll sell you one like 
it fora trifling $29,000.) 
Now for mobile operation ve 
redo the power supply... 
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ae 


™" GREEAING “CoMPUTERDOM 

1975 may be thought of as the year In which 
the computer underground suddenly appeared in 
full force. The Altair vas probably the big 
crystallizing event. 

Not that there wasn't a counterculture be- 
fore. There were the games-players at every uni- 
versity, the prank programmers (see p. 48-9), and, 
wherever computers are the center of thinge, a 
shared experience of misch_ief and breakthrough. 
There was Computer People for Peace, a cliquey 
and unapproachable group with booths at the con- 
ferences (at least, their backs were alwaye 


turned when you wanted to ask questions). There 
was the hobby fringe. 
But now it’s gone different. Instead of 


Pretentious company names meant to appeal to ob- 
tuse businessmen, like Performance Measurement. 
Systems Consultants Group and Bottam-Line-Tronice, 
the new companies have rock-group names like 
General Turtle, Inc., The Sphere and Loving Grace 
Cybernetice. In this new computer counterculture, 
the main computer companies are not IBM and 
Honeywell and Univac, but DEC and MITS and Gen- 
eral Turtle; the standard computer 1s not the 370, 
but the 11 (or possibly the Altair or the 9). 

The standard language is not Fortran or Algol or 
PL/I, but BASIC. Instead of the big color TV 
that middle America wants, the underground campu- 
ternik dreams of hls own graphic setup forever 
running The Game of Life in color (see pp. 48-9 
and pic p. 0M26). (Of course that'll alao re- 
quire the color TV; see "Bit Mape,” p. 2.) 

In such a world, computers are not a tool 
but a way of life. The computer is toy, pet, 
checkerboard, music box and TV. cComputera are 
for making music, computers are for getting people 
together via community memory, computers are for 
letter-writing, computers are for art and movie- 
making and the animated decoration of the hame. 

Computers are for games; a vast number of 
interactive game-programs are published and 
swapped around. Almost all are in the BASIC 
language. (Bob Albrecht's WHAT TO DO AFTER YOU 
HIT RETURN is said to be definitive-- $7.50 from 
People's Computer Campany, 1919 Menalto Ave. 
Menlo Park CA 94025. See also their magazine 
PCC, aa well as Simulation and Gaming Newa.) 
PLATO games, a somewhat different subspecies, are 
discussed on p. DM27. 

The underground computer magazines have be- 
come a blizzard {see box). Albrecht's sprightly 
and successful PCC, originally oriented toward 
high and grade schools, has now branched into 
hobbyiam as well. On the hardware side there is 
The Computer Hobbyist, and now a slick new hobby 
magazine, Byte, with a flrst printing of 50,000. 
On the educational side there la a swell new 
magazine called Creative Computing. 

Then there is the Community Memory movement. 
The basic idea of Community Memory is to have a 
computer resource of information and ideas, com- 
monly available. In its more glorified and mys- 
tical form, the idea seems to be to have a place, 
inside the computer, where information can be 
shared by The People, free of Inatitutional ob- 
struction or the profit motive. 

This vislon is perhaps unclear to others 
besides the author, but lt attracts a varlety of 
people interested in some form of grass roots 
revitalization of our society. Some of these are 
disillusioned sixties radicals who look to "cam- 
munity organization” a building block for a 
new society; others are interested in more nutse~ 
and-bolte applications, such as trying to make 
barter a viable economic form again, in an urban 
gociety with many nonstandard leftovere, skills 
and wants. (Presumably this would work by having 
the computer find paira of people with matching 
wante and tradables; or aven search out potential 
trades around mlti-person rings.) 

The first of these systems was Resource One, 
in San Francisco; I saw another Community Memory 
in Vancouver, which seamed to bea in practice a 
sort of animated classified-ad system. A user 
sitting at the terminal can put in ads of his own, 
and can search through the entire file for key~ 
words of interest. Aa there is no censorship, 
eome rather surprising thinge get in there, for 
which I wish we had roam. 

(A newaletter of such projects, Communi 
Communications, is being started by Lee Fe. 
stein, Loving Grace Cybernetics, 1607 Delaware St., 
Berkeley CA 94703.) 

Even for those coming anew into the fleld-- 
the radio hams and amateur telescope makers who've 
laid thelr Master Charge cards on the line for the 
Altair-- computers represent a new social life. 
Amateur computer clubs have drawn startling num- 
bars: for instance, the Los Angeles and San Fran- 
cisco groupe are currently pulling 100 members to 
their weekly meetings. (In San Francisco, con- 
tact Fred Moore, 558 Santa Cruz Avenue, Menlo 
Park CA 94025.) 

Thie book and Its surprise success probably 
rate mention of some sort in the world of under- 
ground computerdom, '74-75; although my under- 
ground status may be in jeopardy. 1 had intended 
to bypass the computer establishment, and cer- 
tainly not expected to become assimilated therein: 
eo the dozens of university clase adoptions have 
come as a considerable shock, ag have the accep- 
tance and legitimation I had long eince given up 
on. My heartfelt thanks for this response, and 
I'1l try to live up to it. (How is discussed on 
p. Z, last column.) 

But folks, thie all ls the merest beginning. 
As it gaya on diametrically the other side, p. 3, 

















COMPUTERS BELONG TO ALL MANKIND. 


< 


PREM E PRM E RE ERE EMER EEE EMER EERE EERE RRA R EDR HMEME SEEM ERE E SEER ERE EERE RRR RRR REEVE RMR RRR RR 





. 
. 
* 
* 
* 
* 
* 
. 
” 
* 
. 
* 
. 
+ 
* 
* 
* 
* 
* 
” 
* 
. 
. 
» 
» 
* 
* 
* 
* 
* 
* 
. 
* 
* 





PROMO ERROR RRR RRRRRR R 


PUREE RER EMER AM ER RR ERR ROMER EERE R EVE RRR RRMA ERATE ER RHEE R ERE RRR 9G 


T 





BiG BROT 
AND AUNTIE, 720 


Well, the anti-trust trial of 1a is un- 
dermy, In an avkward stare, opposing lead 
attorneys accused each othar of professional 
misconduct, placing both men's careera under @ 
cloud ae the fight began. 

‘The way It comes through in the trade pre 
the Government sagns to be pulling punches and 
miening the point of what Les ovn witnesses say. 
A large-scale botch may be in progress. (The 
Computer Industry Aseoclation, or IBM-hater 
club, offere tranacripte of the 18M trial, 
well as dally sumarlen, The group's headquar- 
core are now at 1911 N. Port Meyer Drive, Rosslyn, 
Virginia.) 

What is the point of it #11? The Justice 
Department is seeking to break up TBM. (Accor 
ding to one theory, Lt needs points after the 
ITT-nartford business.) 

‘There ia 4 lot of superstition about 15K 
in the land. ‘The stock market took a huge dive 
when the Justice Department announced it would 
prosecute. But vhy? Heah Wienac, editor of 
Computer Decisions, chinks IMM will be broken 
upt “The Juatice Department wants Lt, and 16H 
wants Lt, and the stockholders will make moi 
soney. They” 

‘A key question ka what difference Lt would 
make. (Remember what happaned after they broke 
up Standard 0117 Not much.) A phony breahup 
would simply make the different diviatone into 
4Lffecent companies, leaving the product Iine 
and the cooperation Intact a more effective 
aplit would in soma way foster competition 
asong the daughtar corporations, But whet way? 

‘One of THM's more recent tricks is to 
overvhela 1itigators by the quantity of doc- 
wamnte supplied, many of which ere stored on 
computers In full-text form. Te give you an 
idea of the humungous magnitudes involved, sone 
Cigures juet cane up in recent Litigation wlth 
Sandera Associstes. Sanders (s suing Iim, and 
recently asked 8M how many documents TEM had 
chat ware ‘pertinent’ to the case. The reply: 
vhetlve flea, approzimately 906,054,000 pag 
Inactive files, appromimately 471,660,000 page 
(Datamation. July 75, p. 129.) An unfortunate 

th of a sult by Control Date. In valch 
ttled, wae the destruction of the great in- 
which had been constructed to the vast file 
of 12M's records: the indam le gone and unavell- 
able for this case. 

To a lot of people thie just seems to have 
to do with the alge of one corporation. In the 
auther’s opinion, hovever, the issue is the one 
blg usual question, the Lasue of freedom in our 
time: and that ia not a matter of bigness, but 
the atyle of IBN's control, Computers should 
wake things easier in both our work and our pri- 
vate lives, and should help lighten our loads 
and elighten our minds, clarifying the complex 
Atles of everythley. Unfortunately, IeM‘s mechod 
of making poney han & little too mich to do with 
creating rigid and oppressive and polntlenaly 
complex syatess, fobbing them off as “sclantific.” 
and ansnaring [ts customers in cumplications by 
the techniques discussed on pp. 57-56. 

People should be free to use computers as 
they ought to be used, each in hie personal style 
regardless of his job title, amidst rushing menus 
et options and clarifying serean graphics, rather 
than each parson and office worker bein Locked 
into hla own “sternly alloteed sandpll 
cumpings put it. And shat ia the probles. 


Receat IpMooRHY 


fancy Foy, The Sun Nev 
views at 

Willian Redgere' Think 1s out in paperback, with 
an add’ chapter, from the New American 
Library. 

Datamation devoted large sections of its February 
ra March '75 Lagues to material on the JEM 

Problem. 


Nereus Ahted ‘Devsies) 


‘The backbone of TBM's defense in antitrust 
fs Ute whopper: 
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MAJOR PRINIEE. “Computers are eo complicatec 
only @ company as large aa IGN can put together 
the technical teams necessary t wake the work.” 
THE COROLLARY. “Computers are @ complicated 
just mo way to make 1¢ posalble for 
competicors to tmok up thelr equipment to our: 











‘The truth: elmpst anybody can make sensible com 
Ptere that work end the cogether sensibly. Only 
8M can do Lt wrong and make it stich. 


—- 


WIBAK 


Some umful words for discussing the 19m 
Problem. (Thanke t tar Decisions magazine. 
in which mma of these were firat published. 
@©i1973, 1975 theodor Wl. Kelson.) 


Ame logy 
the etudy of 1mm. 
Leeosopiy 
the vinden of TAM) Limosoph, one wise 
to Um. 
Gmparcept ible 
offietally notice’ by 16M. 
eoltmacte 
Purelingly fimiah, 
Ambroglio 
IBA software. 
Amo Loy iam 
clumy ar inappropriate tere. esp. ane 
which alespaake itsel€, auch ae “random 
“direct 
accoun device"for indirectly accessible 
device, and “virtual syates* for rea} 
systen dovolving virtual huge - 
haxadecinal ree 
trying ca put » curse . 
on the PDP=10 
Fumored Corthcomlng cade for the Future 
Sytem (Extended Rinarily coded, Decl- 
mally Gryanteed, Roltrary Kluge) . 








Abmuphily 
love of INK. 
Ube latry 
worship of InN. 
mec Lie 
eqmene Umerned in, of itmued with, 
Limage. mee 
Abmopoly 
O58 of che market, a great = 
o Abmpoei tion. 
‘tha asfety amd togetherness of TRH. 
Abmpund ty 
Judyamnts ageinat IM, Lf any. 
taclsen 
‘the breakloy up of IBM by the Justice 
Oepartment . 


On page $3 of thin book I aay: “I tops t be 
able to report in Foture editions of this book 
that TEM has moved firmly and credibly tnmrd 
making ite systems clear and simple to use, with- 
out caquiring laborious attention to ceed) 
plications and oppresalve rituals." 

‘Thie has in fact occurred, and I ao report. 

In an earth-shaking aonouncement io January, 
TBM cotally reversed the policy of (ts computer 

for the last ten years. Yet oo jaded ie 
a thet thie event was not, I think, pro- 
perly recognieed. 

Astounding as it may be from the company that 
gave the world JCL ard the MT/ST, in January TEM 
Reppad into the world of easy computers, bringlng 
out the Gyatem/32, a-mintcamputer for business. 
You can only rent {t ap an interactive terminal, 
wleh a progcem created by IDK which cannot be modi- 
fled (called an Industry Application Package or 
LaP), Dut these Little programa prompt users 
step-by-step through vhat they are supposed to be 
doing, and apprantly are vary clear and helpful 
for tha naive. 

‘This about-face in in many ways gratifying 
for thome of us who have buen advocating easy, 
acrean-based systema for years and years. At lony 

















last Lt gives IEn's “legitimacy” to minicomputers 
for business, and Lt helps companies that already 
Brovide such servic: 


¢ Such as Baalc/Pour - 
cing to me if 184 knows 

considering the expar- 
Tance they have lavished on the opposite policy. 
Ampasy, with this move I would aay that IBM hae 
Purged itael€ of at least 208 of Ite Alecernible 
evil, 1€ chia begins @ real change. 

‘h delicate problew will restrict the imact 
of the 32 Lteelf, however. That im that TBM wants 
te used only an 6 gateway to ite big computers: 
prammably, if users were allowed to program it, 
they'd find ways out of having to use the biggie. 


WHAT WILL IBA Do HexT? 


Ae (t happens, we know what Ink‘s biggest 
nant move will be, It le scmathing to be called 
the Puture System (PS). PS will be a complete 
Line of computers and communications techniques 
for them, but that's all we know) security 1s 
very tight. Supposedly 7S exists and Js runniog: 
but what ds it? Ali we know 1s that ies sched- 
Uled Introduction has bean pushed back fram 1978 
to smetine after 1980. 

Anyway, T have asked # lot of uavvy people 
what they thought PS was going to be, and hare 
are some of the anewere: 

















‘A completely modular Line of casputares and 
terminals with a Unibve-type architec: 
ture, (RUMOR: this would eliminate 
SEu. CEs and Systems Analysts. Thus 
the postponsment.) 

‘A micrprogramed line of equipment, vhose 
underware uses APL. 

‘A totally PL/I syecem. 

A Line of equipment with ever-changing 
aicroprogramed “fan-dance" interfaces, 
such that no competing manifacturer 
can ever find out what they are. (A 
charge by Herb Crosch and numerous 
peripheral manofacturers.) 

A capplata and Lapregnable total syetam for 
#11 symelic information, vaich can 
only be keyed into through 164 terminale. 
processed on 18M computers, transmitted 
Uhrough TEM satellites, and read out 
through IB terminals. (PACT: IBM has 
applied for a eacellite-1 

Totally compatible with existing 370 nardwar: 

Totally incempatible with existing 370 hard- 
ware, but software-convertible. (15M 
makes @ lot of money on sdaptere and 
conversions.) 

A Line of pocket-eleed and portable equipment 
Built around Ragnetic Bubble Techrolosy- 

A Line of easy-to-use equipment with easy-to- 
use interactive software. (This wuld 
suddenly elizinate hundreds of thousands 
of programmers, but 18 doem‘e owe than 
anything.) 

cman, whatever it le, it'll be slex.” 


CYBERCRUL IS 
County Far Jeveosn, 

At the Dutchess County Fair this year. there 
was a “computer handwriting analysis” beoth. You 
wrote your nama on a card (Wollerith, match) ant 
thie waa put through a eler. A typewriter {marked 
“Ian") printed cur the “anaiysie.” 

‘T wemn't thare, but it was almost certainly 
a bracan fake. Presumably the typevriter was an 
ordinary Kag Card Selectric, Memory Typweriter or 
the like. The flathouse operator could siaply 
choose what he wanted the printout to say by the 
insertion of a card (on the former) or the twist 
of a dial [an the latrer). 

Incidentally, while IGM is probably the prin- 
cipal employer of Dutchess County, ¥e should aot 
aseume direct complicity. 
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OTHE OFFICE OF THE FUTURE" 


A remarkable {eve of Businase Keak (June 
30, 1975) carried a 36-page section called an 
“executive briefing," whatever that Je, on the 
Office of tha Future, whatever that ie. 

‘The arcicle was actually two thine epliced 
tegether: “futuristic” gab around the title, and 
A repart on the sc-called “word processing in- 
dustry." Mord processing, 2 eilly TE tare, 
means handling teat by tricky office equipment 

mee “Type Righter,” p. 14). 

18M controls the word processing markat, 
with such machin: the Nag Card Selectric and 
the abominable (in my opinion) WT/ST. As re- 
ported by Bus Meek, 19M's basic stratezy 
4w to tall Pusinesamen that they have to have a 
centralized typing pool of specially trained 
typlets to use chess things, ao the office has 
to be reorganized. The secretaries hate the nev 
organtzatlon because it makes cham into bypunch 
oparatore-- the peor/enecutive dichotomy ia a 
traditional aspect of IBM protucts, it wuld 
aem-- but the vhole thing is put over as Modern. 

Now Kerox has come up with « competitive 
Sachine, tha 600 (see Diablo. p. Y), and Business 
Meek intones that only these evo firms have the 
Mavvy and capital w succeed in competing to 
create the Office of the Future. Well, this is 
topash. 

‘The big mistake IBM's competitors always 
ewan to make is to let 15M define the problem, 
and then go in to try to cumpate on the hattle- 
ground, and in the terme, that Im has Laid out. 
Bot Lt 49 not sensible w play fallow the leader 
On slippery loge through « boobytrappal swamp. 
Mow Keron has stepped onto the ellppary lay. 

But the right thing would be to umask the ab- 
surdities of the 18K game with new initiatives 
which they cannot possibly amulate. 

in the opinion 

of the author, will have mothiag to do with the 
eilly camplemities of autamatic typing. ft will 
have screens, and keybnards, ari possibly « 
printer for ourgoing letters, but possibly rot 
ALL your business information will be callable 
te the ecteen Instancly. An all-eabracing date 
structure vill bold every farm of inforsation 
=> pumerical and textual— in a cate‘-cradle of 
Linkages: and you, the umar, whatever your Job 
title, may quickly rove your ecrem through the 
qutire (aforsation-space you are entitled to 
ere. Tau will have te da mp proyramizy, and 
indeed “programs” Vil) never be ely Le 
valet ac alls thay viii sisyly tone affece os 
Yoo get pear. in the display space, amethiny 
whlch reeds update. A dieplay-driven Infarma- 
tien complea. 



































an MARKS THE Stor 


Wnen Xerox Corporation entered 

business a few peare o70, Lt acrouced that it was 
goloy to challenge IBM head-to-head for domination 
Of the woole broad f1eld of Information, whatever 
hat Le. Keron made coplers, but asw the hand- 
‘iting on the drum eventually the handling of 
written meteriale wuld crose over into the campu- 
ting realm) fev are sure in vhat wey. (Por thr 
future directions that have been proposed, soe 
Engelbart, pp. DMA6-7, PLATO, pp. OMI6-7, and 
Xanadu®®, pp, OHS6-7.) 

‘Thm lant July Lavue of Computerworld in '75, 
Wewever, volled of Kerox's aharionaent of the com 
Puter Fleld. Specifically, Nerox will stop making 
camputers themselves, though they still will make 
Accessories such aa the hot Diablo printer (ae p. 
YD. The news was presented in the frammork of 
grand tragedy, Ure Promathnan collapse of overex- 
tended ambitions. evidently Xerox management 
Pushed too haré in two Incompatible direct lone-- 
butlding slowly for the eventual challenge of 1m, 
va. showing profits quickly. The firm fell be 
tween the tnat and the dock, Joining REA and Gen 
eral Electric and the other big companies that 
found they couldn't wake it selling computers 

But Keraa 1s not as far out of the fleld as 
cme might think. 

In a secret mountain hideavay-- well, mot tao 
secrat-- Xerom atill bas parhaps the sharpest 
bunch of camputer rascals in the world. And they 
are planning way way ahead, to the time computere 
are practically free. If Xerox gives thas their 
head, ard dowm't cut back, the corporation vill 
have little trouble in triumphantly returnimy to 
the fleld five or ten yeara from now, conceivably 
knocking TE off ite feet Ln the new markets of 
‘that day with « karate-Like sweep. 

This Place of Power is called Xerox Palo Alto 
Ramarch Center, or Teron PARC, and its sumsphere 
Of Califorala Mellow can aielasd the umary. 

1 spole there @ few years ago and found it 
an actontahing experience. First, there ws a 
Busy volleyball game outelde when I arrived, and 
whan T asked for the person I was going to eee, 
tha receptionperson aald to pull up a beanbag and 
walt till he hed Cinlened playing volleyball. 
Later, vhen I addresmed a group, it was (ne roon 
furnished only with a mpuntain of those beanbag 
sacks. As people come in, they would pull beanbage 
‘off the muntaln and ait down on thee. 

So far oo good California Mellow, So 1 went 
Into wy rap, and everybody mat listening. 1 had no 
idea if 1 ves getting through. Since vhac I try to 
tell people begins viare tachnology stops-- moral 
Precepts, a6 it vere, for organizing ideas end sys- 
tems In the world of the future (eve thin winle Om 
side)-~ I'm used to people locking confused, oF 
worrled, or angry. of even walking out. There was 
none of that. Mas 1 getting through? Or were they 
#11 just stoned? 

1 Cink f just mort of atopped and aald, “18 
everybody following this?” 

‘There vere oalles and I think scmecn= sald, 
fe"re with you, Ted.” 

And they ware. It wan the only place I've 
‘ever spoken where the audience was on the exe 
wavelength, going straight on into Systems Design 
for Future Han. Very moving. 


WAIT 


‘This ie obviously the place to tell you about 
Alan Kay and the Dynaboox. 

‘The hottest project at Xerca PARC is Alan 
Kay's Dynabeok, formerly the Kiddy Computer. Ae 
lets of people will tell you, it's goLm to cos 
five hunted dollars, be small enowh to carry 
‘eround on a eheuldar strap, have a built-in acrren, 
Fun on batteries, ant have all the booke a kid 
wants to read from the screen stored on a cassette. 

And the dame: They'll krock you out. one 
coler TV screen, they'll show you « wildly changing 
pageant of coy soldiers. photographs, beautiful 
patterns, a1] generated by the computer Ln real 
time (mee “Bit Maps,” p. 2). And Af you're into 
computers, thay’l) show you bow all thie Se run by 
the beautiful SULLTALE lasquage (1t wae previously 
called the Kiddy Computer, remamber), which any 
Bight child can learn and which has moma avfully 
powerful features. 

Yew Let's ort thie all out. 

hare have been & lot of cons in the computer 
field, but thie is not one of them. It's marvel- 
ously real. 

So how coma Korum ie leaving the computer 
1914? 

Angwort they're not exactly leavings they're 
taking a break until they can moll this beauty 
for five hundred dollare. 

What's the delay? 

‘The Dynabook, of Kiddy Computer. ie actually 
a PDPHL 

‘You're supposed to Laugh. A PDP-10 is a big 
computer, the beet. (See page 41.) A PDP-10 aye 
tem coate hundreds of thousands of dollars. 

But the ast Lough will be Rarca"s. The way 
computer prices are coming down, through inte- 
grated clrcults aver more powerful and cheap, that 
POP-10 can be wold far $500 in... (check your 
chaice) _1978 1979 _1980 __1981 __ 1982. 

(interesting anecdote: the guys at Xeras PARC 
‘eeket to buy @ PDP-10, but managamant bridled, 
avelng a¢ how Xerux vas in the computer business 
ard made competitive machines. So the fellas, 
rothing daunted, bullt their om. They acdestly 
‘ay the parts only cost « few thousand.) 

(Hote: the above predictions are based, of 
couree, on the assumption of Kerox management 
knovirg what it's doing. Assumptions of thle type 
11 tap often turn out tw be 
ean hope.) 






































te TRAD Language As mow runniog tlme-ahared 
for genarel customers, on Computility (a0 mao 
tionad on p. 21), and in a Cancler version offered 
by Interactive Sciences Corp., 60 Brooks Orive, 
Bratntren, Rass.. 617/840-2600. Meoera bas 1t- 
conad the latter flre to run both his baste pro 
cessor and “Advanced Developmanta” (rather secret) 
fn {lle eystens and campitar control. Apparently 
be has ame @ata-base stuff in there, 
bat you won't be able to find out abmut it directly. 
Speclal packages are the specialty of Interactive 
Selences, and with TRC they can offer packees 
with both the date base stuff end other unusual 
capabilities, Par instance, this time-sharing 
‘TRAC can itself call up other computers and eign 
into thee, responding to measages as if it were & 
we ne Computilicy version sees tp rus far aboot 
622 an hour, the Interactive Sciemes vareicn for 
ecmewhet more— but the latter fire is intarested 
In aalling whole packages, not user-diddl ing. 

eee 





Movers has recently received reyistration far 


“enn #fHE AAPPY ROBOT." 
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"PEL IS GETTING LIKE IBA” 


ie a complaint you hear everywhere. The coven 
Blance $e certainly not ln ealemanship— he ba— 
tue in tha way Chat the standard answer to quas- 
tions has now become, “I don't knew, that’s cot 
my department.” People fee] thie vith a certain 
bitterness hecmum so neny of DEC's fane loved 








Nes 4 dec 


Despite ita steadfastly insipid murketioy. 
Der bas conmlidated its position at the aeoter 
of che mall-camputers manistros, and the 7OP-11 
hes een commoli4aced as the mal) ant wmtloe 
sleet computer of choice mony aphlaticates. 
(Tm POP-11 fe aleo attracting cmalderable Lo- 
terest as a peteork computer. 16 one curious 
Inatance, Firet Rational City Bank of lew Tork 
de creating a network of 11/458.) 





ews OF THE 11 


‘Tim POP+1) has now become the (iret compu- 





to the grand. a moths DEC 
das brought out the mallest of tha Iine, the 
U61-11, all on» board the sice of # sheet of 
typewriter paper. for SIX HUNDRED AMD FIPTT 
MDUARS. That Includes the full computer and 

4K of volatile fast memory. a8 well an built-in 
dabagyer. 

however, as vith many announcements, thi 
ie not quite Um full story. This L5I-11 Le 
Without por supply and without Onibus. tn 
deed, {t seams that the L5I-11 happens to be 
whe very ame thing as tha 11/04, damurely ax- 
nounced last fall, which costs $2300 with power 
wwply amt Unitus, nm front panel. The an- 
mouncmment of the LSI-11 then takes on the ap- 
pearance of a reply to the grand KITS announce- 
-eunt of January (ae p. ©). Especially whan It 
turns out that (f you want one LSI~11, ic costa 
& clenaamt. (“Buying clubs" are belay format 
With the ides of poollny resources for the 
quantity price; see “Cheap Computers," p. ¥.) 

(Sophieticates interested in pucting the 
Ust-11 Ln other equipmant have bean quick to 
fotice an umuual feature: it has an empty sachet 
tn vaich you may Lngart the ROM that gives you 
Noeting point (a vary cheap option). Por those 
of us vio daydream about unusual functions, such 
ap list processing ar graphics or the like, thie 
opening Le vary auyyeative: with access tm the 
elccoprogram instructions, » different ROM could 
be pot in for fast mplesantation of whatever It 

you anted=- and your program wuld use for 
your nefarious purposes the binary camands or~ 
@inarlly reserved for Cloating polet.) 

(Mille he may oot be able to deal with that, 
4 vary savvy moutce parson for the LSI-1] le 
Daniel L. Lewis at DEC in Bolling Meadows. 111.) 

At the high end of the line, @ big PDP-L 
the mndel 70-- has been onveiled, revealing & 
full 32-blt machine, In the hundred-thousand- 
dollar class, with cache memory and time-sharing. 
(But what of the even Digger PDP-11 modal 85, 
Fumored to be whirring Les thirty-sis bite uo 
seen in the Marlioro plant under yet anther 
operating system? Will Lt mean that all the 
other Lis have had tve are Bits all this 
time? Ah, plty that nothing can be said about 
that here.? 

Multiple operating systens are, infeed, the 
hane cf the PoP-11 Line. Mot only are ther 
DEC's own, Like ASTS, RT-11, DOS and RSE, which 
suffer frm a lack of flle compatibility ant 
somtines won't even run the same abject code: 
but row chere hae arisen a far grander operating 
system, UNIX. 

URIX-- the name’ suggeativerses of harem 
guards is deceptive-- lz really the son of MUL- 
TICS (ese p. 45). But it was finished in much 
less tine. Like Multics, it's a beauty. Like 
multica, it wan programed in a higher language. 
the language it's programed in, Imvever, te 
called elmply “C". Thm language was crested 
by Brlan Kernighan, author of a widely-pralsed 
book which he audaclously compiled out of in- 
gorzect progcamming examples from other people's 
books on programing. Unix itaelf vas proyram- 
med In °C” by Xen Thompson and Dennis Ritchie. 

Unis in a damon, Aside from all che usual 
features, 1t allows programa tha magic property 
of splitting. Each program can throw off copie 
of itself, vnich run Lndependently and then- 
selves initiate further events. This sorcerer"s- 
apprentice structure comes mainly from a Ror- 
wegian language called SIMULA, and also eppeare 
In Alan Ray's SMALLTALE language at Xerom PARC 
Fesrettably, there is no rom to discuss these 
here. {Por Simla, sea Ole-Johan Dahl and C.AR. 
Hoare, “Hlerarchical Program Structures,” in 
Dahl, Dijkstra and Hoare, Structured Progeaming. 
Acadeale Press.) These features effectively 
change the character of proyraminy completely. 
For Instance, to simulate a number of abjecta 
Lateracting, the program can epin off « copy of 
teself for every abject, and each copy (mimicking 
the real-world object), can then respond to its 
contimually-changisy euvLrogment as required. 
in ctr vords, thls type of lanpuage meaan that 
programs behave mich more like the things imiay 
simulated chan they evar aid before. 

SIMA costs $70,000, and, as it happens, 
UNIX comea $20,000 (free to ran-profit organi 
tions). Unfortunately thie raleea cercaia grave 
questions, since the telephone company (of which 
Bell taba is a branch) Le not supposed to be Ln 
the computer programing business) and chase who 
aze in the business are dimayad by te idea of 
euch a competitor. 



















































































DEC's OTHER COMPUTERS 


Rather than throw ite corporate weight en- 
tively behind the POP-11, DEC has carved out 
cartaln ereas in which it Le trying to market, 
dite 12-bit and 16-bit machines, the FOP-@ and 
PuP-1S. The FD?-8 is being pushed for buslnass 
epplications, with DEC's COMDL-Iike Language: 
wo a very nice version of the © has appeared, 
0 excellent heme computer, vith &K of core, t= 
floppy dishe, keyscope, and wet-printer option: 
thie ts te “Classic,” at $22,000, 











‘The 18-bit POP-15 Line ts still being mar- 
ketad. 


Perhaps in order to save it, it Le belry 
ot an a “madiue-sized™ machine, with RURPS 
(uec's data-baee system). with virtual tuye man- 
ary, and with bot dimplaye. 





COMPETITIVE LOORALIERS 


Imitation of DEC cumputers 19 coutimuley. 

Oma firm, Interatl, hes put the PDP-@ on 
@ chip for ecme $300, (Homver, as it usually 
turns out, by the time you get all the parte to- 
gether it costs #3000 after ell, But in quar- 
Clty te's another tary, and the individual price 
wil) drop spon encwb.) 

Incareil hes intimated thet they are 
working am a chip to elmilate the POP-I1. If 
so, thie will of course bring thes emack up a- 
gaingt the patent that seams to have keocked out 
the Digital Computer Controle lookalike, the 
Lockheed Sue (at least (te direct marketing), 
end exyendared 2 leveait egeinst Cal Data. 
thet remains to be esen, (Same for Gedbout's 
11 leckalixe, manttonad on p. ¥.1 


FIMANCING YOUR Pye 


As yoo my kao, you can’t io genarel just 
xeot a computer (except from UM), but must cuit 
ite foll purchase price, since the falling 
prices of computers mean it will probahiy have m 

perket value in a few years. (1's great power 
tam (2 larye part from being the only computer 
eoapany Dig eowgb to rent.) 

ll, good olé Digital Byuipment corpration 
hes finally gotten into che Lessing business! 
May Dave started s campoter leasiny company, Digi- 
tel Lesalsy, 12 collaboration with 0.8. Lessing. 
Try will lenae O8C equlpment tm Ledividuale of 
good creflt co term op to meven years. Current 
to cn a T~yuar loses {8 2.3 parcent a mmth. 


Dee, it 


A wickedly funy demeription of DEC's home 

feccnry, fairly socurate, can be found in a outey 

balletristic book calle! Pravele La Lad 

by Ren Pewa Scimaider, 21. (BAdieco-Gealey. paper, 
asp. pp. 73-3. 
































THE ALTAIR STORY ost) 


Sst KITS rank it seriously, and offered 
wich the Alcete 2 apall bur complete llca of 
terpiosls, disks, print » eed, 
wost important, service facilitie 

The firm bad imnovated balor 
Chay brought cut tha firet heod-beld calculator 
eeveral years before. Just an they corcectly 
entictpaced chat demand, they forasay thie one 

Thay alec choi gly the right mar 
\ac to begin on: electronic hobbyiece and kit- 
bulldere. The kit-maler enjoys the challenge 
of building a machine frow only # diagram sod 
rez end to be far frow « repeiresn 
the cepair- 























The price drop wee oot dramatic as iC 
Bight seem to the general public; aor te the 
computer quit: cheap ae it seams at first 
Glance, Contrary to « public impresalon, cr 
ted by L2H and 2 muddled over the yaar 
chet comput a huge and cost millions of 
dollera, very quod computers have been avail 
ble lately for # couple of theussnd, aot coun~ 
cing accemmorle 

tut the accessories present a problen 
Oa that score, the apparent rock-bottam p' 
of cha Alcale may have been misleading, sape~ 
cially to kic~bullder A computer Lteelf Le 
4 Limp dishrag without wesory, tereinele aod 
Progrems-- 411 of which pad the cost of che 
package. By the time you've added 8E memory, 
4 terminal and BASIC softwere to your bit- 
bullet Altatr, # thoussed dollars has (low 
($1400 Af you buy te already assembled). Then 
41 you want the diek (aod vho doemn't), that's 
at least fiftaes hundred mo 

Now kit-buildera just etartiog may Dot 
sea cha point of all these fripperies; they 
aten't used to powers Like that of « full com- 
puter, #0 coming to reslire the immensity of 
it all may be a gradue] auskening, with many 
happy soldericg experiences cu the way, Others 
may be brought up ebort as they sense what 
they're getting loro. 

This is partly @ problem of HITS" trying 
to reach two congumst groups at onc: the bic- 
builder, who mey have thought a computer was a 
fancy evitchbam, and mow aust enter « world he 
doesn't know, sod the computer sophiaticate, 
who looka at the bottam Line for the cost of 
© complete package. 

Indeed, MITS’ low prices aren't that low. 
Wan i¢ comes to price, they sre about SON ahead 
of che couventionsl competition. For Instance, 
their $5000 setup (with terminal and disk) 
might be taken os roughly equivatent to the DEC 

ic at eround $10,000 (eee p- Y). 

But vhat you ususlly pay for in chie field 
rvice end fringe benefits. The fundamen- 
At swoms to me, Le whether you can 

ck to the company with your problems. 
(They even angwer cortesponience about thelr 
customers’ computer troubles.) MITS' principal 
contribution te really io tha ¢hought they have 
glven to thelr mrkac. end the depth with vhich 
they are serving it. They no doubt anticipated 
compat [1 whe would supply accessories and 
vadermall them (see p. ¥). But they ase the 
@dvancage io this: they even give out their 
mailing list to competitors who sell Altair 
semery boards cheap: ‘They vere not our just 
for © quick buck; they appear co be thoroughly 
committed to full-spectrum computer service. 

In eight monthe, MITS haa gone from 
tvanty-five to a hundred employess and sold 
OVER POUR THOUSAND COMPUTERS, which Is same- 
thing like two or three percent of the computare 





























































































An America. Today, the electronic nute; to- 
morrow, the world. 
—_———e 
Bob Albrecht, caliph of counterculture com- 





endoreee Aicatt Entarsied BASIC. 


their regional service centera has now opened 
in Naehville. 


—+—_4 


An Altair aasembler i¢ cuming on the PLATO 
syatem (see pp. IMI6-7), 


oth 


AITS prices are quite reasonable. If you buy a 
Mle for anychLiny lo the Altair line, It's gen- 
erally about 25 less than the sesmblet and 
(uw) Ly-chacked-out version. 

‘The beslc computer Lit couts $439 (6622 
yenbled), but ignore thats let's Like # car 
without an amyice, eaats or wheel. A complete 
package (their "Besle 1° met), with the compu- 
ter, OK of mumory. terminal ond GE BASIC lan- 
Guage Is $1391. A wore high-powered systes 
with 12K of fast mmmory and double floppy disk 
ia 06650, complete with their Extented Baele. 
‘There are macy separate Items, plans and op- 
tlons: Jt 1m poasible, of couraa, to buy a 
peckaye! system from them for as mich as you 
want to epand. 














TM ALTRIL FACTORY OUTLET 


Maturally it nad to be in Los Angeles. 
The first “computer store," it evens, 
de at 11656 Pico (at Barrington), weet 
LAs, \ mile weec of the Gan Diego 
Freeway! 213/478-3168. Hours are 2 to 

Medoweday w Friday, 10 tm 6 on Set- 
urday and Bunday. It's called the Ar 
rowtmad Computer Company, and they 
etch @ line of Altsire, 








‘Thm BIZ ATBI BEY 


Andrew J. Ginyer (who aye ha Le cow “consul- 
tant to # qmall firm of aetrologers 
to me that 





“SOMEONE HAS bone 


SUSINCS PROGRAMM eG K{T.* 


‘Se bas only pralee for the BASIC-orlested busine, fT 
ayetans offered by BASIC-FOUR Corp., to be found 
An eajor cities. Mot only dow the contract spell 
out what you get io sparkling detall, but the man- 
wel te eritte io English. Ami Andrey himeelf 
qpulds‘t crash the system. 

(The Aasic-Four setup uses a mini fron Micro 
date Corporetion. Alcrevlete iteelf mlis a tise 
{Te higuay prefese Ep date b. Laviow ations, 

at 2. Lavien, 

a riee, another 

ery much in the BASIC game is D 
they offer a system with 4x, 2 BASIC istarrescer 
(10 firmmre). display end cassette far under $6000 
Weny bus cleverly farmed the locel proyremloy 7 
robles cut to a mytwork of software houne: each 
responsible to its customers for theic programs. 





‘Tem bright guys is Sew York, 
Moree fcheerteman and Jerry Piecher, 
40 ged custm eutic work. They are 
also as sutmrice! TRAC repair etation. 
WJ Eleceromics, 212/785-0116, 359 
45 (next tw the Fipioy Saocer mew) 





aa 


CHEAP ComPuTERs 


You already sav about MITS and the Altair 
on p. x. 


MITS‘ new computer wll be based on the 
Motorola 6900, and sell in kit form for around 
$300. But their main commitment ie to the 
Altair, a line based on the Intel 8080, and 
the customara already into that machine will 
not be in any way let down, they say. 


‘A computer kit base on the Kotorola 6800, 
with 21K bytes of core, cassette recorder and 
TV display (32 chars. by 16 lines) 1s offered 
for $174S by THE SPHERE. 96 East S00 South, 
Pountiful, Utah e410. 





‘Two camputer kits, one bullt around the PACE 
and another a Nova lookalike, have eeen announced 
by B41 Godbout Electronica, Box 2355 Oakland 
ALrport, Oakland CA 94614. He aleo plans an 11 
lookalike. 





Or you aight get an LSI-11. An LSI-1) 
buying pool ie baing formed by Hal Laahley, 
Southern Cal Cosputer Soclety, P.O. Box 987, 
S. Pasadena CA 91030. 


CHEAP TERMINALS 


MITS haa a ‘very lowcost terminal’ 
Vict. yuk yuk) for $170 ($129 for kit). 





(the 


Processor Technology, 2465 4th St., Barkeley 
94710, makes a text display kit for the Altair 

for $160 (you supply the TV gonitor and evidently 
the keyboard). 64 character per line, 16 lin 








A eimilar kit at a similar price is made by 
Southwest Technical Products. 


Bootstrap Enterprises, Ann Arbor, are alec 
working on a aimilar unlt, called "The Dumb Ter- 
minal,” vith a eolor option. 


HITS le commicted now ep building a video 
terminal, the CT-8096, that will provide both 
text and graphice. Following apece are not final. 


RICE 1S To BE ABOUT Fic00 


Tt will have a keyboard and video monitor, 
Plug straight into the Altair, and refresh from 
Altair memory modules-- which may double as req- 
Vlar memory, if you don't mind garbage on the 
ecreen. 

Tt will have 24 lines of upper-case charac~ 
ters, 5x8 dots to tha character, 80 characters 
to the line on a bullt-in monitor. In addition 
it will offer graphica from bit maps (see p. 2), 
either 1202120 or 240240. (The resolution will 
be mvitch-selectable, if you have enough buffer 
memory; & screan of text takes 2K, #0 does a 
120x120 picture, and 240x240 takes » whole 4X.) 
Buffer memory Will also be dividable into eapa- 
rate "pages" of text or graphics; and two pages 
will ba superimposable, interlacing alternate 
video fields (sea pp. DM6-7). Nota that refresh- 
ment is from randop-access, rather than serial, 
vemry, so that multiple fields cannot be overlaid. 


Oli ACCESORIES 


Whlle nona has been announced aa yet, Le 
synthesizer that pluga into the Altair will almost 
certainly be available in 1976. 





























(Note that this could provide an entirely new 
form of interactive terminal 1f used with the 
Machepress equipment; ase nearby.) 


A Selectric Interface to the Altair ie In the 
worka at MITS. 


Altair interfaces to the PDP-8, PDP-11 and 
Nova have not yet appeared. why not? 


DEC‘a ow floppy disk, for the 6 and 11, 
finally camm out, Price for 11: $3000 for one 
drive, $4000 for double. 


Linctape, which is virtually the ame as 
DECtape but unpacented, has just come out at 
$2000 for one drive, including controller and 
interface to 11 or Nova (Lnterrupt-driven). 

Note that the unit 1s compact ani rugged, and may 
be more suitable than dlak or ca tte for those 
ef us concerned about portable rigs and vap- 
mounting. Camputer Operations, Inc 10774 
Tucker St., Beltsville MD 20705. (The had newer 
software costs $300 for the driver, plus $750 

to DEC Lf you want operating system RT-11.) 








Cambridge Memories, Inc., cleverly vells 
main memory banks for the 11 which can attach to 
to two POP-L1e at once-- thus connecting the 
two machines without using DEC's expansive 
Unibue coupler. 


Also for lls: Formation, Inc., selle 4 
curious programmer's console that traps and dis- 
Plays the last sixteen Unibus addresses refer- 
enced: and Pabri-Tek offers a cache memory for 
tha PDP-11/45. 


ee 
ROLL YA drums... 


TBH has announced a lager printer, the model 
3800, which prints at 13,360 lines per minute. 
Like moat of thesr printing machines, Lt's good. 
1t is basicelly on electrostatic drum copier, like 
tha original Xerox 914, on which the patents have 
Fun out. (fven Toshihafax now makes one.) 

Anyway, this spectacular beast writes with 
@ scanning laser on the electrostatic drum. But 
TM has cleverly found the way arcund the problem 
of spollage of tie drum surface: Instead of just 
# polished metal surface, it's a rensvable sur- 
face, which ie itwelf changed automatically whan 
required for caw images. 

Moreover, you can have up to 18 type fonte, 
defingd in 16224 dot matric (THESE ARE KEPT 
OM A FLOPPY DISK, AND UP TO FOUR MAY BE CURRENT 
AT ANY CHE TIME.) Fonts are user-designable. 

A flash-projector can put business forms on 
the drum. 

Now for the bad news: base price is $310,000, 
Plue extensive astra charges. Aleo it dowan't 
make carbon copies, and needs « new box of paper 
spliced on tha end avery 20 minutes. 

(Caron, of Japan, has cut a more modest 
laser printer that gas at only 4000 lines per 
minute. And it ale plots. Burroughs is said 
to be trying to get the bugs out of = similar 
devin.) 
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seconde on the Diablo, using Lte ordinary type- 


vheel. 


Thies means, for 


typesetting by com- 


anyvhere, by [ine degreee- 


Anatance, that just tfle 


puter becomes eaay and cheap. 
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TRULY AMAZING NES 


One of the buys of computer history Js wait- 
ing up at American Used Computer, In Boston, 
617/261-1100. 

Memorex, for soma unfathomable reason, bullt 
in the early 708 s camputer Intended to be upward- 
compatible fraa the 160/20. But it vas not a 360. 

Why did they do this? ‘The kind of people who 
shop around would not buy 360/208, and the kind of 
People who buy 360/20s would scarcely leave IeH’s 
akirete at upgrade time. 

Thus the Memorex 40 has, quite understandably, 
been diacontinued. And all the onas they had left 
are waiting for you brand new up at American Used 
Computer for the haart-stopping price of 


$3500. 


That price includes 48k bytes of core. 
Now for the bad neve 
Tt cames bare—bon 
hardware support. 











with no software, and no 
You get the wiring diagram with 





it, and a list of other owners, and you're on your 
own. AUC does have spare parts, hovever. And 
Peripherals, mostly more expensive. 





Mr. Monoson of AUC told me on the phona that 
At had 158 instructions, including 64-bit floating 
point, 32-bit binary. On studying the literature, 
however, it appeare to me that the instruction-set 
he deacrited is mlcroprogramed, with the aicro- 
code intended to be read in at startup time. 
(There are 65 picroinstructions.) Maybe you can 
get the microcode for those 156 instructions and 
maybe you can't. Maybe you don't care, if you're 
wall enough fixed to handle one of these. 

Tt comes in basic black, 2a5z4 feet, Fite in 
@ van, and supposedly does not need aircondition- 
ing. Supposedly plug-compatible with 370 peri~ 
pherale: It's really a sixtesn-bit machine, and 
it has eight sete of aight registers, having been 
dealgned to perform up to eight functions simi- 
taneously. 

So. 64 main registers, 4X dynamic microstore, 
48X of memory, for about the price of a used PDP- 
21/10 with 4k. Smelling ealts, anyone? 


ED IBLO be 


"Diabolo" was a game of the tusnties that in- 
volved poking a spinning object. Oddly, that’s 
what today’s Diablo involv. 








Redoubtable Hax Paleveky, who brought you 
Scientific Data Systers (which Xerox bought and 
recently shut down), Rolling Stone and the movie 
“Marjoe™. has another winner, which he's also 
e0ld to Kerox. 





‘This Le the Diablo company, which first 
made diske and now maxes 4 sensational printing 
machine. It has # whirling plastic “daisy 
wheel” of type, Interchangeable, and can type 
30 characters per second in either direction, as 
as well draw picture: of a sort. 

‘The basic difference between these prin- 
ters and conventional typewriters, like the Sel- 
ectric, 1a thelr use of servos rather than rat- 
chets. This means their characters can be posl- 
tioned Ln many intermediate positions, unlike 
the flxed positions available on an ordinary 
typewriter. For inatance, the Diablo can poai- 
tlon the type to 1/60 of an inch horizontally 
and 1/48 of an inch vertically. (Nice for justi-~ 
fied typesetting.) 

There are now @ number of machines of this 
kind. Firet came the Diablo printer, officially 
the llytype I: then the engineers who built that 
went off and created a competitive printer called 
the QUME (pron.’kyoom'); now there's an improved 
Diablo HyType II) Interdata makes a competitive 
unit, the Carousel printer, with a little print 
cup) and to make things totally confused, there's 
& apecial model Disblo called the 800, which 
ean‘t be connected to computere but 1s sold for 
office uer as a “word processor.” 

‘A number of companies take terminals In the 
$5000 balivark embracing ons or the other of 
these printe Gen-Com Systems makes one around 
the Diablos Anierson-Jacobson makes one around 
the QUME. Xerox makes its own computer terminal, 
the 3010, around the Diablo I-- which, it should 
be noted, can be rented for as little as three 
months, at $190/month. 

‘The one everybody wants for their computers 
Je called the Xeran 600, but eo fer that is not 
available computer terminal. It goes faster 
than the other Diablos and offers typefaces that 
look beautiful for typesetting, much nicer. it 
geams, than the types currently available for the 
other Diablos. 

For thoae interested in juet hooking up the 
printer mechaniam, for substantially less soney 
than a whole terminal, interfaces for hooking 
the Diablo or QUME printers to PDP-8 or PDP-11 
are available from Data Systems Design, Inc., 
1122 University Avenue, Berkeley CA 94702. 


























SUGGESTIONS TO XEROX CORCERNIBG DIABLO PRINTERS. 
No charge. 

1. Sell the 800 aa a terminal, for goodness sake. 

2. Failing that, mike those pretty typefaces 
available for the others. 

3. Already you offer black and red ribbons; a 
blue and yellow ribbon would permit printing 
PICTURES TR FULL COLOR, a development of — 
great interest to the many computer graphics 


freaks. : 
4. Hovever, that would require somewhat finer 

post tioning of the platen; eay, 1/120 in both 

direotions. A 
5. ... fatling whteh, you could put out a "graphic 


daisy wheel” vith intermediate dot positions 
equivalent to. dot positions between those 


like a dentist's drill? 
?. How about a portable? 


Locomnicy 


Dan Hildie and Radia Perlean, of the LOG 
group at MIT, are working an a special “preliter- 
te" terminal to allow non-readere (possibly in- 
cluding chimps and gorillas) to program in LOW, 
especially on tha General Turtle 2500 (see “Hin- 
aky's Computer," nearby). Plastic credit cards 
will have symbole for the various picture and 
wusic-hox functions. To write a program, or 
create a envie on the ecope, the user will insert 
function cards in slots. Color coding will be 
used for program transfer: a red card means “jump 
to the red subroutine." Since thie ia HIT, the 
full recursive power of the systam will of course 
be available. (hy hope is that chimpancees and 
other little slotnike can be taught recursive 
program definition. Then will the public vake up 
to cmputers belng easy?) 











sia Rig ee 


MARVIN'S Co! 


THE FLYING TORTLE 


The great Marvin Minsky 12 renumad on five 
contingnts. Dean of the awrphous field of "ar- 
tificial intelligenos," and referred to without 
anbiguity as "Marvin" throughout computeriand, 
he te a theoreticion’s theoretician. 


But at the heart of every theoretician, I 
think, burns the dream that he will eomeday prove 
the outright, vorldly importance of hie thoughts. 
Like Destry, at last he will go to hie suitcase 
and get out hie guns, and the audiense will cheer. 


The great Marvin Mingky has come out 


planting. 





General Turtle, Incorporated, 1s 4 toy 
company that the team of Minaky and Papert put 
together to market thair educational computer 
accessories. (See p. 57.) 

‘They've sold a fev, but the impact hae been 
medest. And, as a member of the project puts It, 
“We wanted to get our ideas for education out to 
the world.” 

So they decided to build # terminal. But 
At grew, as terminal designs will. 1t ia now 
the GTI 2500. 

Reseaber the tortoise and the hare? This 








le the hairiest tortoise on four vheela. Piret 
deliveries this fall. 
And here's vhat you get for your flve chou- 





sand dollars-- 


TE KILLER CHELONIAN — 


a 16-bit computer like none you ever maw. 

@ working registers, in addition to PC. 

32 ecratchpad regieters (70 nansecond). 

250-nanosecond 1/0. 

4K of main qemory, 250 nanosecond. 
able, of couree.) 

LR OF MICROPROGRAM HEMORY, 40 NANOSECOND, 
DYNAMICALLY ALTERABLE. (Expandable to 


(Yo Likewlea 16 bite. 


(Expand- 


PROGZAM YOUR Ch) 
iMSTRvcTwN - CT.) 
Cassette mémory, ) drive. 

Alphabetical display, standard video, with 





Bxl6-dot character generator, 64 char- 
actere, DYNAMICALLY ALTERABLE. Also 
expandable. 


Vectoring graphic display with 20 rotation 
("turtle geomatry"-~ Lines are specl- 
fied not by endpolnte but by angles and 
length). 512a512 resolution, 1 million 
endpoints/aec refr 

Reyboard. 











1 asked Dan Hillis, a mambsr of the group, about 
the possibility of installing the 2500 In a van. 
"Think of it as @ recreational vehicle with the 
van optional,” he said. 


NEC 


What maxes possible the computer counter 
culture and everything else ie, of course, the 
spectacular development of electronic chip tech- 
nology, the techniques of shrinking great elec— 
tronic circuits to almst no size. Electronic 
rigs that were shoebou-eize ten years ago are 
typically now etched on chips the size of your 
thuminall and sold for a few dollars, no matter 
what they contat 

A few years ago, the chips only contained 
buliding blocks, such am registere-- units for 
nolding information temporarily. But now in 
the mid-seventies they have come to contaln 
whole computers, or large sections of then. 

(Tha distinction between microprocessors and 
computers is taken up on p. 44.) 

‘The flret biggles were from Intel: the 6008 
and then the 080, a chip that has became the 
heart of the Altair (see p- X), am well ae rival 
compute: 

New computer chips keep coming out) people 
keep telling me to mention specific ones, but I 
can't keep track of them. The Kotorola 6800 
seems popular; it will soon be the heart of new 
computers from MITS and SPHERE (mee p.W and Y) 
(An augmented and faster copy of Um 6800 is re: 
putedly being sold by HOS Technology for $20.) 
Another interesting computer chip is the PACE 
microprocessor from National Semiconductor, with 
four working registers and a ten-word stack: 
with 16K memory it costs $500. (The PACE is 
hidden in an automatic drink miner and booze 
Inventory controller fram Electro Units Corp., 

San Joes, Calif. Adjuate prices to hours an¢ 
can even water the drinks precisely. Claimed 
to make absentee ownership of bars practical.) 

Because of chips, the price of computer main 
memory is collapsing apace. Sammthing like a 
dollar a word in the alxties, it is something like 
LLke a dime a word now. But Intel now offers a 
storage chip holding 16K bits for $55, which is 
3¢ a Dit, and a friend of mina estimates that 
memory chips will cost 1/10 of @ cent per word in 
1976. 

‘These cost collapses cause many to predict 
the end of disk and tape. But that’s premature. 
While these rappler chips hold a lot for a litcle, 
their contents disappear vhen the lights go out. 
until lawer-punched tape comes along, disk and 
magnetic tape vill be very much with us as long- 
ters ami oackup storage device 

Because of the acticn in chip technology, 

& potentia® important movetent in computer design 
may have been passed over: the “macromodules™ de~ 
velope! at Washington Univerelty io St. Louis by 
Wes Clark (father of the original DEC moduler 

and asmoctat: 

‘The basic idea of ths macromodule approach 
was to have computer subsections that wera com- 
pletely interpluggable. with thes you can bulld 
any computer, to your own design, in s couple of 
aye. The system exlets now and it works just 
fine: counters, registers, memories can ba at~ 
tached quickly by cable. 

Unfortunately. the cost is high and they 
haven't found a manufacturer. With chip prices 
falling, and chip know-how widespread, it’s hard 
to juatify charging ten or so timen aw much for 
camponente just because thay can be pluyged to- 
gether fastar. {Just as unfortunately, svery- 
thing in the macrumdule system is built on sec~ 
tions of twelve bits.) For this reason the st. 
Louie folk are having trouble getting comercial 
sponsorship. However, perhaps wome bright hun- 
gry chip company, reading thie, would like to 
get into the macramadule game. Ami presumably 
whittle the aodule down to the now-universal 6 
bits. 
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WEIRD Ally SEXY Compurers 


The most glamorous computers being bullt 
today all seem to be opanly called by their davel- 
opare’ names: the Greenblatt cumputer, Minsky’ 
computer, tha Amdahl machine, the Cray computer. 


ME AMDAHL CompureR 


The jedan computer or System 470, a euper- 
camputer o: 360 seriem by one of th who 
denigned them originally-- ese p. 4l-~ Le now 
available from Amdahl Corporation, 1250 Eaat 
ques Avenue, Sunnyvale CA 94086. [Th 

4 ey are now 
advertising for systems people who know the in- 
sides of OS/MVT, V5, etc.). The first 470 ie up 
and running at RASA‘s Inatitute for Space Studies, 
Columbia U. But T8M is sald to be readying one 
of their famoum “hnockouc™ machines to do it In. 
(Datamation, July 75, 96.) 


OCTOfUTCH 


Of course you've thought that hardwired 
setups ware for sloppy analog types of thing. 
But here now ve have THE CHESS MACHINE, under 
etraightfaced construction at the MIT Al Lab, 
which 111 provide HARDWIRED THREAT ANALYSIS, 
Yau, lta advanced perceptron architecture vill 
supposedly be capable of analyeing threate to 
any given position in a GRAND PARALLEL FLASH. 
The impact of thle amtoniahing development on 
the world of Electronic Chees, or anything alse, 
for that matter. lu totally impossible to 
Predict. 











Over a very niog lunch 
at Roditys in Chieago 
Prof. Mineky and I die- 
cussed povstble atyling 
for hie computer, He 
partioularly Liked the 
arrangenant suggested 

in thin aketeh: a fold- 
doun keyboard and the 
dieplays sort of on poles 
no thay could be eeen 
eanily through a crowd 
of tyetanders. The han- 
dle would only work, of 
course, with che scopes 
removed. We'll sve later 
vhat te finally looks 
like. 


WE GREENBLATT MACHINE 


Uneatiefied with the structure of normal 
computers, they are building at MIT's AT Lab a 
Camputer whome native language ie LISP. [t will 
have 32 bite with virtual memory, and execute 
LISP like a bat out of hell. 

In @ refreshing reversal of trenda, it will 
be for one user at & time. “Time-aharing 16 an 
idea whose time has gone,” chuchles one parti- 
cipant. (Project MAC, where time-sharing grew 
up, wae there.) 


“THE CRAY COMPUTER 


Seymour Cray, master computer builder, crea- 
ted the 6600 eyatem for Control Data, Indeed, he 
had the audacity to require CDC to build the coa- 
puter factory on the property adjoining his own 
te In Chippewa Palle, Minnesota. Now that 
he's broken off to start hie own cospany (vith 
money from COC, among others), the new computer 
factory adjoins hie eatate on the othef side. The 
Cray-1, another supercomputer, ie neering comp) 
tion there. 






































AVS TRANShoucHER 


Patent $3,875,932 has ree bean issued for 
How Machspress' electronic sex machine or what- 
ever it is (you saw it first on p. 0M9). In the 
{Lluatration we eee it tickling a aheco. 

After you mend Machspreas his fifty-buck 
royalty, you can either buy the kit or a pre- 
built model. Concave or conven, as the poet 
says. (Etchings are antediluvien and waterbeds 
are commonplace; as an Invitation, what sore in- 
ciaive comeuppance could be proffered?) 








Speaking of Machspress, it seams that the 
unusual I/O equipment offered by the Federal 
Screw Works (Troy, Mich.) is only a voice cutput 
device. 

Surprisingly, a voice input device ty now 
camercially available fram Threshold Technology, 
Inc., Cinnaminson, MJ. For $10,500 you get a 
device that will recognize 32 spoken word 
microphones. (Each user has to train it on his 
32 words, but separate vocabularies may be 
stored on the computer for different users or 
purposes. This ie stil] scme way from the 
fabled “talking camputer"-- see pp. DM 13-14 for 
problews ani objections-- but it's undeniably « 


ae q9Z] 
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The halftone system of HUMRRO, rumored on 
Pp. DM36, is real. Clever indeed: it dlvid 
half-tone problem into two parts, one the orig- 
inal picturing of the scene, the other Lts prae- 
entation ln the terminal. That means that their 
aystem permite one central image generator to 

nd out pictures to many terminals ag de- 
sired. Unlike the Watkins Box (see p. DM37), 
whoee half-mlllion-dollar opulence can be poured 
only on a single user at once, Ln thie system 
the central resource can be distributed among 
various users, with each one's picture changed 
intermittently, or poured on a single user for 
full animation. Currently it rune ln Fortran, 
tranamitting encoded pictures to the unusual ter- 
minala required (built around Trinitrons). But 
@ special central processor 1s foreseen. 

The system is called CHARGE, and Ron Swallow, 
its developer, is indeed a hard charger. (Soft- 
ware: Bill Underhill and Roger Gunwaldaen.) 
Swallow's game isn’t movies or engineering gra- 
Phics; he wante CHARGE to compete head-to-head 
with PLATO (see pp. DM26-7). And at the prices 
he'e talking about-- $5000 per terminal and 
$130,000 for the central procassor-- who knows? 

















UNREAL ESTATE: for relasstion, Ron works un 
the "dream house" he keepe inside the aystex. 


Woe tv Foe We 


since ) forties, there have been continual 
announcements that video diske-- movies you play 
on your TV off a record-- were right around the 





corner, Barlier this year they were supposedly 
going to be available before Christmas. Now they 
ight be on sale, “on a limited baeis,” in 1976. 


(TV Guide, 16 Aug 75, p. 7.) Because of the grave 
dlfficultias of engineering-- inaccuracies in pun- 
ching the center hole mean the track can’t help 
being off center, for instance-- some of us are 
skeptical. 











Two systema have been confidently announced. 
Philips, the firm that gave us the audio cassette, 
has a system that will follow the spiral track on 
tha disk fram underneath with a lager. The disk 
turns at 30 revolutions per eecond, or one turn 
Per TV frame, so it can supposadly Freeze on one 
frame when desired. 
‘The other eyatem is from RCA, which has 

a long history of me~too announcements, but at 
least two of them made it big (the 45 record and 
the color TV system now used in the USA), so RCA 
should not be dismissed out of hand. Their disk 
eystem will supposedly go at 450 rpm (7.5 revol- 
utions/second), but they still mean to k it 
with @ needle. The man from TV Gulde 
ean It and it worke perfectly, but I would per~ 
wonally look for hidden wires 

(HCA, an entertainment conglomerate, has 
hitched up with Philips and printed a catalog of 
all the movies they will supposedly make avallable 
on disk for the "MCA-Philips" syetem-- much as 
Destry Rides Again for around ten bucke. This is 
Probably just @ bluff; with the price of audlo 
records what they are, no way la a movie going to 
coat ten bucks. But it makes RCA look weaker, 
which is probably the purpose.) 


The prospect surprised them, but MAGI (see 
P. DM36) allows aa how they might let you make 
movies on their over-the-phone movie-paking setup 
(sketched on p. DM36). Price to capable out- 
dere, Lf the software meshed, would be about $50 
an hour. (Six hours makes one minute of film, 
not counting the phone bill, Cheap if you know 
movie economics.) 

Meanvhile, John Lovry, at Digital Video Lab- 
oratorles In Toronto, has been developing high~ 
quality video sultable for transfer to theatrical 
film. He and they have developed a 655-iine 
color system-- with heavy digital enhancement 
(mae “Picture Proceselng," p. DM10). I scarcely 
believe my notes, but I saw it, and wrote down 
that 1t vas comparable to 35um studlo colar. 


The day of “electronic camel that ie, £11m- 
quality video-- may be upon us soon. 


ort xD 


About 1972, there vas announced an electron— 
ically-controlled color filter that could change 
to any hue in nanosaconds. That would be just 
what wa all need for coler movies from CoMs-- 
but what happened to it? 























Sillions of people caw cumputer graphics for 
the first tlea on the PES “Ascent of Man™ series, 
where a ecreen drawing of Early Man's skull vas 
geen to rotate and gradually charge in ite fea 
tur This was startling even if you know about 
computer graphics, since it seemed to he proceed- 
ing fram complex data concerning the entire 
skulle and thelr changes. 

Not @o. Actually what you saw wae a seri 
of skull drawings by Feter Foldes, a Parisian 
artist, with the camputer generating transitional 
drawings between them. (Indeed, though you saw 
Prof. Bronowskl next to the screen, you did not 
eee him next to the ecreen at the same time the 
drawings vere changing-- because that had to be 
Ellmed very slowly.) 

The system was created by Nestor Burtnyk and 
Marcelll Wein, of the National Research Council 
of Canada. It currently runs only on an SEL @40a. 
(It was aleo used by the National Pilm Board of 
Canada for creating Foldee’ splendid f1lm “Hun- 
ger.") They can preview by rolling through bit- 
map video on a moving-head diek. (See Burtnyk 
and Wein, “Computer Generated Key-Frame Anima- 
tlon," J. SMPTE, March 71, 149-53.) 














What about the animated figure that talks to 
Joe Garlagiola before baseball games? Haha. 
That's @ cubber puppet matted in fram a black box: 
the guy who does the voice works the mouth. 





Many unlikely individuals have atormed that 
heartbreak town of Hollywood, leaving sadder but 
wiser-- but Ivan Sutherland, dean of computer 
graphics? Wall, having found that the movie- 
makers are not ready for image aynthesis-- the 
dreamemiths unprepared, as it were, for the Total 
Porge-- ha is sojouming at the Rand Corporation. 





A fella named Charles McCarthy, of suburban 
Chicago, bought the "Computer Eye* fram Spatial 
Data Systems, and will do mail-order picture con- 
versions. He'll convert your favorite snapshot 
to a printout of the same subject made of light 
and dark letters. If you're interested In having 
the actual grey-scale data for processing In your 
own computer, inquire. 

‘The Mobius Group, Inc., P.O. Box 306, Win- 
£ield IL 60190. 





Want a camputer-controlled videocassette 
recorder? The model to ack for is the Sony 2850, 
costing (gasp) some aix thousand bucks. An in- 
terface to the PDP-11 is made by CHX Systems, 

635 Vaqueros, Ave., Sunnyvale CA 94086. 

Ineidentally, ecaled-down CMK editing setups 
are beginning to get around. For instance, they 
have a emall setup in the pleasant offices of BJM 
Film & Tape, 4 East 46, NYC: three of ths above 
Sonye and the GM Model 50 control setup, using 
& POP-11 and keyacope. Though prices are by the 
job, the basic charge is $75/hour. (Note that 
the big GM setup, vith a disk, ie the model 300.) 





VECTOR DISPLAYS 


At the high end of things, a firm called 
Three Rivers Company has come in with a 2D vec- 
tering system (competitors discussed p. DH30). 
Supposedly they can pack a lot more lines on the 
ncreen. 

The price of the GT40 display (see p. 0M21), 
which all in all is one of the best dleplays on 
the market, has just dropped to $6500. To dis- 
gulse this pri¢e drop, DEC gives you the smaller 
tube and no keyboard. 

And at the low end, a firm called Megatek 
in San Diego offere 1ine-drawing CRT controllers 
for $1000 to $3000. All permit animation. You 
have to supply the oscilloscope. Thair equipment 
Plugs into the PDP-11 or the Nova, or in one 
case connects in tandem to an ASCII time-sharing 
terminal (:). 

‘The 11 and Nova modele work directly from 
BASIC; your program in Bagic puts line liste In 
the device's buffer memory. The time-sharing 
model converts Incaming line Llets fram ASCII to 
binary and stores them internally. 256 lines 
with @-bit resolution cost $1900, $11 and $1600 
for 11, Nova and ¢-6 respectively; 1024 lines 
with lo-bit resolution cost $2800, $2000 and 
$2500 respectively. (Nova and 11 models can be 
completely updated in two refresh cycies, yiel- 
ding ag much animation as anyone can decently 
axpect for the price. Software is supplied to 
provide dleplay output from Nova, PDP-11 or tine- 
sharing BASIC; also t-s Fortran.) 

Meanwhile, for the hands-on electronics guy, 
Optical Electronics, Inc. makes all kinde of ro- 
tation modules. You can build your own 3D rota- 
thon satup out of thelr modules for a couple of 
thousand) but, of course, the fancy digital 1/0 
for high-speed refreshment is not available. 

An interesting capability of the OBI equipment, 
though, ie that you can build 4D- or even SD- 
Fotation systems out of thelr modules. Hum. 














PLATO news 


Excellent panuals on the PLATO system and 
TUTOR language are now available from CERL, Unl- 
versity of Illinois, Urbana. 

‘The next generation of PLATO terminals ls 
coming down the line. The microfiche projector 
ie withering avay, as wae easily foreseeable, 
meantime, steps are being taken toward a mre 
high-performance terminal, by putting a computer 
in it. This is being done both by Jack stifle, 
who has done it with tha Intel chip, and Roger 
Johnson, vho has the panel interfaced to an 11. 
(21 fans please note the implication: it Le pos- 
alble that the interface may be marketed.) 

Meanvhile, PLATO-like terminals (the model 
AG-60) are about $5000 fram Applications Group, 
Inc., P.O. Box 4448, Maumee, Ohio 43537. Note 
that these have standard non-PLATO interfaces 
and etandard keyboards, but the Ovens-Illinois 
plasma panel (erroneously called Corning elee~ 
where in the book} blazes in all ite glory. 





Bit Wars 


The main development in computer graphics in 
the last year has been the eudden upsurge of the 
bit-map approach to computer dleplay. While the 
approach, and equipment for it-- like the Data 
Disk system-- have been around for sose tine, the 
falling price of electronice, especially in the 
memory area, have made lt abruptly the cheapest 
and thus the most popular type of computer dis- 
play for graphice. 

A “blt map” is a series of det positions, 
or bits, recorded in sane form of fast memory 
and read out in sync to a conventional scanned 
video systen (vee pp. DM6-7). The one bits 
stand for dote or little equares, the zeroes 
for nothing, and the video system brightens the 
corresponding zones on the screen. This method 
hae certain disadvantages~- parta of pictures 
cannot be automatically dietinguiehed or eepa- 
rately animated, as with aubroutining display 
(eee "The Mind's Eye,” esp. p. DM23)-- but for 
the money it's great. Sizes given refer to the 
number of squares in the rectangle of the picture. 




















BLACK-AND-WHITE 


An off-the-shelf bit-map system for the 
POP-11 or the Nova ig available from Intermedia 
Syatems, 20430 Town Center Lane, Cupertino CA 
95014 ($2750 or $2500 respectively). May be 
ganged for grey-scale or color. It'e 256x256. 

For the Altair, the forthcaming 6096 display 
(eee p. ¥) will have 120120 or 240"240 bit~map 
graphics, for prices starting around $1000. 


COLOR 


Extra bit maps, plus electronice, can get you 
color; 1f you double the number of bits you can 
double the number of available colors on your dis- 
Play, ad infinitum. 

‘On the small side, 64x64 color wl] shortly 
be available for the Altair from the Digital Group, 
Denver. A 128128 color bit-map system for the 11 
hae just been announced by DEC (for “nuclear medi- 
clne* of all thinge-- but they will part with it 
to anybody for @ or 10 thousand (not yet fixed)) - 
hey strese that this will be the first of a medu- 
lar series of bit-map displays, with plugine for 
different degrees of resolution and different 
character generators. 

Ramtek and Comtal both make 256x256 bit-map 
systems, priced in the $16,000 area. 

Above this resolution special TV systems tend 
to be necessary. Both Ramtek and Comtal make very 
expensive systems for the purpose, using 
solid-state and disk respectively. 

You may or may not have heard of the Advent 
TV projector, the most glorious TV thing there ia. 
It costs $3500 and projects a four-foot picture in 
the best TV color you can find. A lot of guys are 
bit-mapping to lt 

At MIT they've got bit-map color on the Ad- 
vent at better than 400x500 resolution. (An option 
Planned for the Flying Turtle (eee p. ¥) will al- 
low lte core memory to be used with the Advent as 
a bit-map display refresher.) At Comtal they‘re 
going for 1000x1000 on the Advent, rejiggering the 
@lectronica fram scratch. 

‘The most epectacular demonstration of bit-map 
color so far has no doubt been the film done by 
Dick Shoup et al. at Merox PARC (eee p. X), show 
ing the super animation that's possible when blg- 
computer resources ara given over to bit-map ani- 
mation. Thelr system is 600x900. 











—_ 


four, Bic DISPURY Panlers 


Al) those scoreboards and wisecracking light 
grids, new that they are computer-controlled, 
raise all kinds of possibilities for non-frame 
animation. The big ones cost in the millions; a 
mall one for shopping centers costs a hundred 
grand (Millenium Info Systems, Santa Clara CA). 

Within a year or ao, though, you ought to 
be able to get a nice animated display 
some sort for the aide of your van, 
you've got the computer inside. 





~— 





A eurprise samething-or-other From DEC, the 
V?SS, represente a breakthrough of some sort. But 
what were they thinking of? 

"Graphic capability” hae been added to an 
ordinary upper-case keyscope. Specifically, the 
ability to make two graphs, i.e., two wiggly lines 
{no wore) somevhere between the left and right 
gides of the screen. You can also shade in under 
them, and add coordinate grids. It*e $2500, and 
obviously great if you're bonkers for 2D graphs. 





QUES WHO's Conte To Dae, 


IBM, which ald not take part in its develop- 
ment, ie sponsoring a $100,000 CHARGE Installation 
at the Univeralty of Materloo, in Canada. 
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OTe FRPA THE quTWOR ¢ PURLINER 


Labor Day, 1975 
MORE THANKS 


In banging together this 
volume originally, I amitted 
thanking Hesh Wiener, brazen & 
bragh young old-fashioned new 
editor of Computer Decisions, 
who hag changed that publi: 
tion from stolid to peppery. 

Thanke algo to my good 
friend Robert W. Fiddler, 2eq., 
patent attorney and still an 
ex-philosophy professor at 
heart, for many delightful and 
witty conversatlons on problems 
of patent, copyright and the 
vagaries of Intellectual prop- 
erty. Any harebralned ideas on 
these topice expressed here, 
however, are almost assuredly 
my oun. 

For much ef the inform-~ 
tion in thie supplement I am 
grateful to Bab Albrecht of 
Pcc, mentioned here and there. 

Pinally, epecial thanks 
to Cammander Hugo McCauley, 
better known to you Hugo's 
Book Service, for hie yeoman 
performance in shipping out 
the books-- not to mention car- 
tying them up and down stair: 
typing the mailing labels, 
checking for bad ones, and 
Gending out al) those notes of 
apology when we vere out of 
books again and again and again. 
And to long-suffering Lois and 
Megan MeCauley, my especial 
gratitude. 

















WHATEVER 


The sea-to-shining-s0ea 
Neleon Empire now conslets of 
@ lot of unsold books, a 1K Al- 
tair and a second palr of sho 
My scheme for taking on Appren- 
tice Ganerallste may have to 
wait awhile. So may Computer 
Lib, the Film. But just wait. 

Speaking of which, what 
about thie book, hay, now? 

Eventually there will be 
anew edition. Yes, the type 
ie horrendously small, and that 
will have to be fixed. But 
that involves new negatives for 
every page, an expenditure of 
thousands of dollare, and some 
reconsideration of how thie 
ehould all be set up. 

There have been sveral 
interesting plans. One wi 
epllt the contents of this ook 
into three books, add material, 
enlarge the type and have then 
each thie elze and price. Ten- 
tative tltles were Computer Lib 
Computere 

‘cmpu' Arouse!, and 
Guerrilla Computing/Electronle 

















Monkeyshinas. Sample cover, 
for Guerrlila Computing: Ring 





Kong climbing the front panel 
of a 370 holding Patty Hearet. 
(1 aleo daydreamed about put- 
ting out a lO-volume encyclo- 
pedla in the eame format, em- 
bracing peychology/sociolagy, 
biolegy/evolutlonary strategy, 
history (aa strategy) /more hle- 
tory {as mood and feeling), 
revolution Versus continuity 

(a two-wided position paper) 
the Gem-Manlacai Encyclopedi 
But reagon has prevailed, and 
auch forays have been postponed 
indefinitely. 

The prasent plan le for 
Computer Lib to be rewritten 
and reeat in bigger type, at 
least 25€ pages, with at least 
@ color pages and color cover. 
(We're talking about fall '76 
or later.) Price wlll have to 
be $15. If you think that's a 
ripoff you can still get thie 
one. (A number of people have 
complained to me about the $7 
price tag of this volume. fave 
they ever bought other books?) 
Later I would Like to put out 
‘an anthology of my favorite ar- 
ticles in the field, using the 
Computers Arisa !/Computers 
rouse! title and format, and 
with sama good 3D If possible, 
In any case, I want to stay in 
the publishing game; I haven't 
had so much fun in yeare. Oth- 
ar projected volumes Include 
‘Tha ‘Inner Beyond, by Sheila 
McRangie) Dirty Driving and the 


Strategy of Traffic by “Driver 
E4;” and The Neleon Computer 


Glossary. Soon I hope to be 
able to typeset fram my own 
computer, and possibly to share 
this facility. 

This hae been a most In~ 
teresting year. I have been 
plansed to meet, and otherwise 
enjoy, the variety of clever, 
charming and/or lubricous per- 
sons who have sought me out 
since the book firet appeared; 
as vell as all the spanking en- 
gegements, soirees ard vhatrot. 

I am delighted to receive 
Yelevant material and cummuni- 
cations ef any kind, although 
Problems of time, disorganiza- 
tion and mood often preclude 
@ Personal Type Reply- 

Jt has been a real lift for 
By morale to share sme of these 
ideas and enthuslaems with a 
wider public at last. It is 
you, finally, who have to care; 
and I ap very glad you do. 

Aa to the most laportant 
matters, there is a news blach- 
out for the indefinite future. 
Please stand by. 





Next year in nanadu. 


‘ 


This book (both eidea) ie based in part on my talke at or before 
the American Chemical Society, the Ameri 
the American Management Aesociatfon 
efation for Computing Machinery, Intelkigence Agency, the 
Institute of Electrical and Electronics Engineers, the Printing and 
Publisht ectation, the Rand Corporation, the Society for lufor- 
mation Display, the Society of Motion Picture and Television Engineers, 
TIME Incorporated, Union Theological Seainary (the Auburn lectures), 
Xerox Palo Alto Research Center, and vartous art echools, colle 
univere(t{ee acd Joint Computer Conferences, 


he WE MATE Lisne? 


Persons of aagacity have been saying for 
some time that we are materielistic. 


















ACKNOWLEDGMENTS: 


Everybody at Chicago Circle Campus 
has been very sporting about this project. 
1 am grateful not only for the encourage- 
ment and assistance of various individuals 
“(especially Joseph I. Lipson, David C. 
Miller and Samuel Schrage), but for the 
atmosphere of support which has made this 
possible. My thanks to the Department of 
Art and the Office of Instructional Re- 
sources Development for freeing me from 
teaching duties, to the Computer Center 
and the Department of Chemistry for let- 
ting me use pictures of their equipment, 
and everybody for their encouragement, Rather, we buy things that REPRESENT 


I would like to thank the Walt Disney IDEALS» hoping ourselves to partake of some 


abstraction or image-- the Pl wan, the 
organization for their permission to de- Homemekei 
pict their wonderful chararters. and eve + Smart Businesemen, the Clever at 
eryone else who furnished materials and 
permissions for the things herein. 





In an important eense this Is not so. 


The machines, and toye, and involvements 
we buy Into, are in but 2 small proportion of 
cases owned simply as scores, for thelr cost 
as consumption symbole. 





Eech product tries to tell us it is the key- 
stone of a way of life, and then, ai least at that 
moment of purchase, we step Into, we embrace 
thal way of lle, covering ourselves with the 
feeling. the aura, the magic we saw In the com- 
mercial. 





Thanks also to those who looked over 
some of the 1, especially Herbert 


Grosch of uterworld, Dan McGurk of 
the Computer Fades toy Association, and 
William Rodgers. 





This Is not materialiom. [tis wishful 
grasping at miasma. (Following sentence op- 
tional.) It is communion, with the object selzed 
almply the Objective Correlative of 
tranesubetantiation. 
not to possess, 


I am particularly grateful to the 
many who have explained computers to me 
over the years, especially Dave Denhiston, 
Robert Fenichel, Andrew J. Singer, John 
R, Levine. 





My thanks to Tom Barnard for some of 
the early typing, and for the Porta-Xan. 


Iam grateful to Computer Decisions 
1d IT 





THE GREAT 


RERICRN DREAMT 


| already sald on the other side that the 
computer Is s Rorschach, and you make of it 
some wild reflection of what you are yourself. 
There {a more to It than that. 


America ls the land where the mechine is 
an intimate part of our fentasy life. 


Germans are too Iteral, they can get off 
on well-oiled cogs. The Prench are loo vague. 











“4 es. 





magazine for their goo help in (‘ve noticed that German sclence-fiction maga~ 2 DREAM MACIIINES. 
researching computer image synthesis. zines had covets of machines and planets; French 4 APPARATUSES UF APPARITION 
My roommate Tom DeFanti, mentioned LC ta’ paraaan Lieee? ree ee Cree ana (peneye & LIGHTNING IN A BOTTLE: 
elsewhere in this book, has been consid- ‘with, wings:; Our-erlence-fiction ‘covers, show, TIIE CATIIODE-RAY TUBE 
erate beyond the call of duty in giving People with machines. Intimately,, emotionally.) & — HOLOGRAPIIY 
over all the first-floor rooms af our Macs e- We German fantasy Is icy and Impersonal, French 8  Sandin's tmage Processor 
house to this project for six months. fantasy loo personal, and Americen fantasy Is 9 BODY ELECTRONICS 
My thanks finally to the many others itor erin pd aie orev i] AUDIO'G COMPUTERS. 
io ii 13 Ci c 
whose good Will hes kept me gorse, in D.W. GRIFFITH-- took the movie-box and crested mechine, means end ends, emotion and details. 1} ere CONPUTER pRealas 
particular my former wife and eternal the photoplay, no longer a twisted siege 12 Al (artificial intelligence) 
Friend, Deborah Stone Nelson. production. FA Sees nen Me is, PAE DES Hee, 15 IR (information retrieval) 
that they first did. Thie Js the land of the 15 CAI (computer-assisted 
Special greetings to my friend and WALT DISNEY-- created a hypnotic pantheon of MOVIE. a fantasy fabricated with endless dlffi- instructian) 
neighbor, Mrs. John R. Neill: I hope you kindly and innocent seml-animals. senti- culty using various kinds of equipment. 16 "No More Teachers' 
enjoy the uses which your husband's il- mentally universal, generally accepteble. Dirty Looks." 
lustrations of Tik-Tok the Machine Man The med tinkerer is a fabled characler 20 TIE MIND'S EVE 
have sfound ‘here. JOHN W. CAMPBELL-- se author and then edltor in our fletion. oa. eggmputer dispar) 
Lastly, for her contributions to of Astounding. turned American science- 26 PLATO 
morale (and for not footprinting the fiction trom the Buck Rogers space opera ‘Thies. the /laad ofthe Kendy kolor hot 2B “Laws of the Universe 
pasteups), let's have a warn hand for to the human story, built around thoughi- Tod, the Hell's Angel chopper. the drive-in iyper-Comics™ 
Pooky the Wonder Dog. out premises and structures. movie. And the wild hot-rod, in fect, Is just 30 THE MIND'S FYE MORE: 
the Nip side of the deep-carpeted Cadillac: each 3D LINE SYSTEMS Guise 
IVAN SUTHERLAND-- programmed and systematlzed In a fantesy, an extension of its owner's image 31 DeFanti's Coup de GRAS 
‘a compuier ectup for helping people think of himself In the world. f SMR prait eo yaie org eee aa 
and work with deeply-structured pictorial 44 b Shades of Reslity 
Ny) Information. (See p32}. Thue It was not an historical accident. (aleer greys) 2 
but utterly predetermined, that in the hands of S7° Sl) Hardening of the 
DOUG ENGELBART-- foresaw the use of computer Americans the computer would become a way of Attistries (special hardware) 
screens 45 a way of expanding the mind. reallzing every concelvable wild fantasy that 39 4. Computer Image Corp. 
and over the lest decade and a half hae was deer to them. 40 TUE MIND'S EYE MORE: 
brought aboul jual that. Dimensions : 
oie * , This is perfectly all right. This is as It 4) the Cieeie Graphics ilepisee 
Lana baer And more, and on. should be. This is the best part of our cullure. 42 Gite cotenin anything 
porerner ss Not "Let a hundred Newers bloom.” but "Let a 43 On Writing 
hundred gizmos clank." This has sped imme: 43. The Leritage 
ope urably the Imaginatlve development of many dif- aa MYPERMEDIA, IIYPERTEXTS 
ferent things we might want. I try here falrly 46 Engelbart 
The occasiona? Oz Ulustrations ere wil by to explain a few differences among them. 48 FANTICS 
John R. Neill, from various out-of-copyright Oz 52 TIUNKERTONS 
booke by L. Frank Baum, especially Ozma of Oz ANOTHER QUICKIE There Is Just one problem with all this. 56 . 
and Tik-Tok of Oz. Tik-Tok. the Machine Man, Now that all these things exist, or come nearer Ses RUAN: Rel Sok 1g REALLY SAYING 


le the figure to whom occasional allegorical elg- 
nificance is attached here by Juxtaposltion. 


Compare Alice, when she gete to Wonderland 
(Deary me! Curioeer and curicser!") 
with Dorothy Gale. iraneported to Oz 
(How do I get back 10 Kaneas?!!!") 
Fantasy tles in with everything, Including 
American gil-out-n-do-it. 


The Oz picture in this spread Is from 
tehwork Girl of Oz. 











Thought you might wonder. 


OUT THE DOOR IN '74 


I have wanted to writ 








ao introduction to computers separate book on Fantics, fo 
Buc the idea of binding them back-to-back in a Whole Barth format, with lore of mischievous Eort 
ont material, didn't hit me till Jan 73, I have tried to add all the stiqulating and exhilarating 
etuff 1 could ftod, especially persouelizations on the other side; computers are deeply personal 
machines, contrary to legend, and so are shoving-eystems. I regret haviog to throw #0 many of ay 
concerns {nto comic relief, but I hope that some readers will sense the seriousness belov. 















e From something called the Domebook, that tells you 

And of course I'm blatancly fog, 1n a vay, the 
d. Ae I think back jh lo part 
d Tom McCahill’s 
to the public 


The final inepiration for this book c 
etraightforvardly how to make Geodesic Dom 
ful Whole Bacth of Stavart B 

Te banjo book, 


















y y 
Precedent I can think of fe Maj. Alexander de Seversky's Victory Through Air Pover, telling the coun- 









to existing. which ones will other people want? 
What wll) it be poselble for everyone to have’ 
And how can we te all these things togetne 





this thesis ia being advanced 
eriously. There have been a 
number of exactly-dreamful Frenchsen, and 
for thie threa-nationality eplit to be 
really true, they would all have to have 
come Frou Alsace, noxt to Germanys Jules 
Verne, Daguerrc, the brothers Montgolfie.’, 
the brothera Lumiére, to name a fow.) 








perhaps it 16 tine 


THE LEGEND OF HRPER- MAN 


In the fantasies of theit subjects, which they 


feel are the precursors of new artistic in 
that will in torn actualise themselves an 01 
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level. 
Wi mach « hero were to become the model for 


try how he thought ve should win World Wac II. 


This project, efmple {0 principle, hae beea infinitely bothersome, Self-publication was neces- 
sary because no publisher could have comprehended the concept of thie book; I heartily recommend Bill 
Henderson (ed.)‘s The Publish-It-Yourself Handbook, $4 from The Pushcart Book Preas, Box 845, Yonkers 
WY 10701, 
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checking and bibliographies had to be largely abandon tter planning could May Ca ws hp 
type size; and so on. Half the macuscript, and the glossary, had to be kicked aside; {ocluding sec- From single vision 
tions on movies, "gulci-media,” microfilm, training simulators, sugmented stage productions of the And Newton's slap. 


future, and goodness kaove what. Sorry for all thac. 
-- Kenneth Cavander, 
"Yoyage of the Peychenaute.” 


Harper's, Jan 74, p. 74. 


++. WITH A LITTLE GELP FROM MY FRIERDS 

This project could never have bean completad without the dedicated and extraordinary efforts of 
w friends Shetle McRenz 
my deopaat gratitude, They gave month 
project (which I continuouely underestimated.) I hope ic has been worth thelr work 
Ma, MeKenzie, whose concern for intelligent change io education drove her to boundles 
this project, hae also my deepest admiration. 
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d ching about ie sll fs that 90% of these efforts are unnecessary, A decent computer text 
which only a couple exist as yet) would have ebviated all the finding-and-retyping probleas. 
for ryone who haa trouble writing by conventional = and who wouldn't {f oaly 
ware avallable. 





EE Ef. SI 
Ty beloved grandfather, 
Theodor Holm. 








me APPARATUSES 
OF APPARITION 


It seema different companies are all the 
time introducing wonderful new devices that will 
revolutionize, uh, whatever It ls we do wilh, uh, 
information and stuff. Things you'll attach to 


your TV to gel highbrow programs or dirty movies. 


Microfilm devices thal will shrink the contents 
of the Vatican Library io a dot on your glasses. 
Goggles that show you holographic color movies. 
A pince-nez that lets you see the future. And 
80 on. 


Reading Popular Mechanics or the Saturday 
review of patents in the New York Times, you 
get the idea of Something Big, New and Wonder- 
ful About to Happen, 60 we'll all have access to 
anything, anytime, anywhere. 





But it's been that way for decades, and 
with certain exceptions hasn't happened yet. 


Here are some things that have caught on, 
and are mostly familiar lo us all, 


Book. Newspaper. Magazine. Radio (AM). 
Phonograph record (78). Tape recorder, ¢". 
Black-and-white television, Radio (FM). Phono- 
gtaph record (33). Phonograph record (45). 
Color television. Tape cartridge (4"). Tape 
casselte (Philips, ca. 1/8"). Stereo records 
and tapes. Oh yeah, and movies: 35mm, 1émm, 
6mm, Super &mm. Carousel projectors. View- 
master stereo viewers. 


Here are some things in the process of 
catching on (and not assured of success): 
Quadrephonic sound. Dolby. Chromium, dioxide 
tape emulsion. Super 16 movie format. 


But for everything that did catch on, dozens 
didn't. Some examples: 12-Inch 45 rpm records. 
11.5 millimeter movies. RCA's t-Inch tape cart- 
ridge, which became a model for the much smaller 
Philips. Wire recorders. 


Then there are the things that caught on 
for awhile and went away. Stereopticons (and 
their beautiful descendant, the Tru-Vue, which 
I loved as a kid). Cylindrical recordings. 
Piano rolls. And so on. 


Then there are the video recording sys- 
tems. CBS' EVR died before il got anywhere. 
RCA's SelectaVislon isn't out yet. 2-inch quad 
is standard in the studios, }-inch Porta-Pak 
ie standard among the Video Freaks, and il looks 
like Sony's 2/4" cartridge will win as the main 
sales and storage medium. (The Philips system 
here looka as though it won't make it, and 1-inch 
is dubious.) But what's this we hear about 
video disks (twenty-five years after they announ- 
ced Phonevision, Ah, well.)? 


The thing is, so many of theae thinga seem 
lo sound allke. They all mention "information 
retrieval,” education, technology, possibly "the 
information explosion" end "the knowledge in- 
dustry." Prese releases or effusive newspaper 
articles may use phrases like "apace-age,” 
“futuristic,” "McLuhaneaque” or even "Orwellian" 
(though few people who use thal word seem to 
know what Orwell stood for; see p."$q). 


And the intimidating company names! 
Outfits with names like General Learning, Inc., 
or Synergistic Cybernetics, Inc., or even 
Communications | Research | Machines, Inc. 
Surely such people must know what they are 
doing, to use such scientific-sounding phrases 
as these! 


Then there are the business magazines. 
In the late sixties they were talking about "The 
Knowledge Industry" (a fiction, it turned out, 
of an economist's lumping a lot of things together 
oddly). Now they talk about the Cable TV out~ 
fits and the Video Cartridge outfits as though 
they're the cal's pajamas. 


SB ety tgs oe a A 
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Emblem of 24 International Animation Film Peatival 
szt in New York, Jan 74. @Walt Disney Productions. 


THERE'S SHOW BUSINESS LIKE SHou) BuSINESs — 


You Can't Tell the Experts Without They Program You 
(Cf. "Calling a Spade a Spade, p.} 2) 


BABELS IN TOYLAND 





Guy's Background Tell-Tale Phrases & Jargumentation 
Television: “Media” (meaning television); 
1. Video freaks "Sofware" (meaning videotapes). 


2. Network People "Programming" (meaning competitive scheduling); 
“Software” (meaning fixed-length TV shows). 

3. Cable Operators Head end, upstream & downstream, back-channel, 
“interactive TV" (meaning any form of interactive 
computer system they can get in on). 


Math/Engineering Information theory, channel capacity, bandwidth, 
feedback, anything complex and irrelevant. 
Display Engineering Full duplex, echoplex, aspect ratio, scroll, cursor; 


“information transfer" (meaning telling or teaching); 
"data delivery" (act thereof). 





Programmed "Software" (meaning sequential or branching tell~a- 
Instruction, lest materials); "Programming" (creating (hese); 
Compuler-A reinforcement schedules (meaning presentational order); 
Instruction "inputs" (meaning ideas and information); "feedback" 


(meaning replies); "simulations" (meaning pictures or 
events a user can influence). 





Publishing "Software" (meaning books). 

Advertising, ‘"Demographics" (meaning factions); campaign sirategy 
Public Relations, (meaning how you hit a market); "penetration" 
Marketing (meaning extent to which your sluff catches on); 


“Programming” (meaning anything whatever). 

Artificial Intelligence Anything mathematical; theorems, discriminators, neural 
nels; "programming" (meaning setting up anything 
very complicated and incomprehensible). 

McLuhanatic Global Village, mosaic, surround; "Programming" 
(meaning psychological indoctrination); anybody 
else's terms, dynamically infused with new senses. 

Nelsonian Medium (meaning stabilized presentational context); 
Writing and Creation (meaning thoughtful production 
of something presentable, whether sequential or not, 
in a medium); "Programming" (meaning giving 
exact instructions to a computer); media integrity, 
invenlions & conventions; hypertext, thinkertoy, fantics. 





Having spent some considerable time around 
and among these areas, | have developed consid- 
erable cynicism and a bad case of the giggles. 
Originally it all seemed lo fit logelher and to be 
leading somewhere, but lalking to people at all 
levels, and either giving advice or trying to 
interpret the advice of others, 1 am convinced 
that whal we have here in this whole audio- 
viesual-presentalional whizbang field is nothing 
less than a very high order of collective insanily. 
The strange way companies adopt and drop var- 
jous product lines, and verbalize what they think 
they are doing, seem to me a combination of 
lemmingism end a willingness to follow any Auth- 
ority in an expensive suit. 1 have talked to 
enough vice-presidents and presidents of compu- 
ter companies, publishing companies, nelworks, 


Wonderful Systems That Were Gonna Be 


WHERE ARE THE SHOWS 
OF PESTEKYERR? 


1 once read a mind-blowing review article in 
Films in Review, early sixties 1 think, 
on schemes to make three-dimensional 
movies before 1930. There were dozens. 


Then there was that multiscreen film Napoleon 
-- a legend-- done in the nineteen-twenties. 
(That one really existed.) 


TMedia outfits and so on, to be tolally certain 

that they have no special knowledge or unusual 
basis of information; yel these people's remarks, 
as amplified through the businesé reporters, 

send the whole nalion a-dithering. There are 
times I think everybody in Media is either deluded, 
misguided, lying or crazy. 


THREE CRUCIAL POINTS. 
1. SYSTEMS "IN THE HOME." 


The emphasis has changed from trying to 
sell snazzy systems lo the schools (which don't 
have the money) to the home. This in turn 
has convinced moat people that the new systems 
have to be very limited, like jimmied-up TV sets. 
(We easily lose track of the fact that you can 
have anything "in the home" if you want to pay 
for 4l; and an economy in which Marantzes and 
snowmobiles have caught on big indicates that 
gome people are going to be willing to pay for 
really hot sluff.) 


2. CATCHING ON. 


The key question is not how good a system 
is in the abstract, but whether it will catch on. 
(Obvioualy if we're public-spirited we want the 
best systema to catch on, of course.) 


Thie matter of Catching On is a fickle and 
crucial business. 


According to one anecdote, Mr. Bell 
couldn't interest anyone in his invention, which 
he was showing at some trade fair. Then who 
should come by but the Emperor of Brazil (1), 
who wae about to leave with his retinue of ad- 
visers. "What is thal?" asked the Emperor of 
Brazil. "Nothing to bother with,” they said, and 
tried to rush him by, but he stopped and loved 
it, and ordered the first pair of telephones sold. 
This made the headlines, and the sale of tele- 
phones began. 


Another anecdote. It is legendary that 
Inventors overvalue their own work. Yet afler 
Thomas Edison had invented the kinematograph, 
or "moving picture," a device you looked into 
turning a crank, he declined to build a projector 
for It, saying that the novelty novelty would wear off. 
Obviously he did't quite see whal hat “catching o1 on” 
would mean here. 


Phonevision. about 1947 or so, was guing to 
store @ half-hour movie on a 12-inch disk. 
Did they gel the idea from the LP? Did 
they really think they could do it? 


The Germen photo-gizmo, around 1950: a special 
camera that supposedly crested a sculpture 
of what it was pointed al. (But how did 
it know what was behind things?) 


A weird lens around 1950-- 1 think It was depic- 
ted as having a blue center and a red peri- 
phery, like a fifties hoodlum tail-light-~ 
that was somehow gving to find "residual 
tracea” of color in black-and-white pictures, 
and make ‘em into color, zowie, Just by 
copying them. 


Then there was the Panacolor Cartridge. During 
the Days of Madness-- 1968, [ think it was 
-- a rather good little movie gadgel was 
being pushed by a firm called Panacolor. 
It had ten parallel movie and audio tracks, 
1 believe, on a 70mm strip. The prototypes 
were built by Zelss. 


mene, 


Thelr idea was that this was a com- 
pact movie projector. I kept trying to per- 
suade the company's president thet they had 
inadvertently designed s splendid device 
for branching movies (see "Hyperfilms,” 


p2nyq). 


Emercise for the reader: map out prop- 
ertles of the branching and expository 
structures implicit in such a device. (t's 
one-directional. Gotta rewind when you 
get to the end. But you can jump between 
tracks when it seeme appropriate.) 


Anyway. it’s gone now. 





The Great Robert Crumb. 
(Prom Zap Comix #0.) 


"Ty the news* 
theve is no fru ee. 
and 6 the Tih+*, 


there 1s no neus*, " 


— Medera Russian proverb. 





* Tzyeshia. 
** py, vda . 





HARDWARE, SOFTWARE AND WHATNOT (reprise) 


Among the many odd things that have 
resulted from the collision of computer people 
with educators, publishers and others has been 
the respectful imitation of computer ways by 
those who didn't quite understand them. Again, 
the cargo cult.” 


The most dismal of these practices has been 
the adoption of the term "software" for any intel- 
lectual or artistic property ** This wholly loses 
the distinction, made on the other side of the book, 
between: 


hardware (programmable equipment) 


software (programs, detailed plans 
of operation that the hardware 
carries out) 


contents or data (material which is 
worked on by, moved in or 
presented by the hardware 
under control of the software) 


In other words, hardware and software 
together make an environment; data or contents 
move and appear in that environment. 


The publishing-and-picturefolk have missed 
thie distinction entirely. Not realizing that their 
productions are the contents (material, matter, 
daia, stuff, message...) that come and go in the 
prefabricated hardware-software entironments, 
they have mushed this together into a stete of 
self-feeding confusion. 


(The matter has not been helped by the 
computer-aseisted instruction people-- see p. DM 1S 
~- whose branching productions seemed to them 
enough Wke computer programs to be called 
"gohtware.") 





» Primitives exposed to “civilized” man imitat« 
his ways ridiculously in religious rituals, 
hoping for the shipmente of canned goods, 
etc. that his behavior seems to bring down 
from parte unknown, 


on 
Ex-SPURT-TeaSe 


v4 "Mere corroborative detail, 
to enhance an otherwise 
uninteresting narrative..." 


Pooh-Bah, 
Lord High 
Everything 
Else 


3. STANDARDIZATION 


In order for something to Catch On, it has 
to be standardized. Unfortunately, there is mo- 
tivation for different companies to make their own 
litle changes in order to restrict users to Ite 
own products. The best example of how to 
avoid this: Philips patented its audio cartridge 
to the teeth, but then granted everybody free 
use of the patent provided they adhered to the 
exact standardizalion. The result has been the 
system's spectacular success, and Philips, rather 
than dominating a small market, has a share of 
a far larger market, and hence makes more 
money. That's a virtue-rewarded kind of story. 


The other problem with standardization, 
though, is that we tend to standardize too soon. 
We standardized on AM radio, even though FM 
would probably have been better. (One Major 
Armstrong, a great figure in the development 
of radio, committed suicide when nobody would 
accept FM. If he could only have heard our FM 
of today, he might ha¥e said "Oh, nuts," and 
lived.) 


Another example. When they designed the 
Touch-Tone phone pad, the Bell people evidently 
saw no reason to have it match the adding ma- 
chine panel, so they put "1" in the upper left 
rather than the lower lefi. Now there are lois 
of people who use both arrangements, every d: 
and at least one of them curses the designers’ 
jack of consideration. 





Another interesting example of Catching 
On: during the early sixties, it was fun belng 
at places where they were just getting Xerox 
copiers for the first time. Everyone would ar- 
gue that nobody needed a copier. Then, grud- 
gingly, one would be ordered. The first month's 
use invariably would exceed the estimate for the 
first year, and go up and up from there. 


The worst aspect of the confusion among 
the corporations ie that certain deficiencies and 
erudities of vision slip into the mix. Unlese 
our new media and their exact ramifications and 
concomitanis are planned with the greatest care, 
everybody siande to lose. We must understand the 
detailed properties of media. (The first question 
to ask, when somebody is showing you the 
Latest and Greatest, is: "What are the properties 
and quelities of the medium?” The followup 
questions come easily with experience: How of- 
ten do you have to change it, what are the bran- 
ching options, what part could somebody acci- 
dentally put in backwards, ere there distracting 
complications? etc. ) 


1 am unpersuaded by McLuhan. His in- 
sights are remarkable, yet suspicious: he sup- 
poses thal electronic media are all the same. How 
can this be? Here we may now decide what elec- 
tronic media we want in the future-- and this de- 
cision, I would say, is one of the most important 
we have lo face. 








The engineers seem to be quite the oppo- 
site of McLuhan: somehow to them it's always a 
multiple-choice, mulli-engineering problem, dif- 
ferent every time; "this technique is good for A, 
that technique ie good for B." But the net ef- 
fect is the same: “electronic media are generally 
the same." I would claim that the‘re ail differ- 
ent, all ten million of them (TV being only one 
electronic medium out of the lot), and the dif- 
ferences matter very very much, and only a few 
can catch on. So it mattere very much which. 
Some are great, some are lousy, some are sub- 
tly bad, having a locked-in information structure, 
built deep-down into the system. (Example: 
the fixed "query modes” built into some systems.) 





One last point. Everybody only has a 
24-hour day. Most people, If they increase con- 
sumption of one medium (like magazines or books) 
will cut down on another (like TV). This dras- 
tically reduces the sorte of growth some people 
have been expecting. Except, now, if we can 
begin to replace some of the jnane paper-shuffilng 
and paper-losing of the business world, and 
replace the creepy activities of the school (as now 
generally constituted) with a more golden use of 
time end mind. Reed on. 


THANATOPS?S 


A self-employed repairman of mobile homes 
named Donald Wells has invented a solar-powered 
tombatone that can ehow movies and still pictures 
of the departed, slong with appropriate organ 
music and any last words or eulogies selected 
by the deceased. 


The device ie activated by a remote control 
device carried by a visitor to the gravesite. 
The movies would be shown on a twelve-inch screen 
mounted next to the epitaph. 


"You could also have pictures of Christ ae 
cending to heaven or Chriet on the cross, whatever 
you want," says Wells. “It adds a whole new di- 
mension to going to the cemetery. i 





Cleveland Plain Dealer 
(Quoted in National Lampoon 
‘Prue Facts, May 74, 10.) 


DM 
"The Emperor has no clothes on!" 


Small Boy 
(name withheld) 


oe 


Last year I actually heard a phone company 
lecturer say that in the future we 
will have "Instant Access to Anything, 
Anytime, Anywhere.” 


What they're pushing is Picturephone, which 
it seems to me ia unnecessary, wasteful 
and generally unfeasible. 


(See: Robert J. Robinson, "Picturephone-- Who 
Neede [t?", Datamation 15 Nov 71, 152.) 


OW USNS MEDIA 


In any medium-- written, viaual, filmic 
or whatever-- you generate instantaneously 
an atmosphere, a ina, a miasma of style, 
involvement, personality (perhaps implicit), 
outlook, portent. Consider-- 





The complacency of the Sulzbergers' 
New York Times-- 

The cynicism and mischief of Krasener's 
Realist-- 

The perklness and sense of freedom of 
“Sesame Street" -- 

The personalized, focussed foreboding 
of Orson Welles films; as distinct 
from the impersonalized, focussed 
foreboding of Hitchcock-- 








Next to this matter of mood, all else pales: 

the actual constraints and structures of media, 
the expositions and complications of particular 
cognitive works and presentationa within media, 


ee 
RWEN Wy" IN THE CLASSROOM 


Time after time, the educational establishment hae 
thought same great revolution would come through getting 
new kinds of equipment into the clasercom. 


First it was movies. More recently Lt'e been “audio 
visual" stuff, teaching machines, film loope and computer— 
assisted instruction. 


In no cases have the enthusiasts for these aystems 
seen how the equipment vould Fit into conventional edu- 
cation-- or, more likely, acrew the teacher up. Teachers 
are embarrassed and flustered when they have to monkey 
with equipment ln addition to everything e . and fitting 
the available canned materials into their leason plans 
doesn't work out well, either. 





The only real possibilities for change lle in syetems 
that will change the instructor's position fram a manager 
to a helper. Many teachere will like thie, many will not. 


PAY CAREFUL ATTENTION 


when somebody shows you an electronic or other 
presentational system, device or whatever. 


A certain kind of slight-of-hand goes on. 
It's very easy to get fooled. They may show 
you one thing and persuade you you've seen 
another. 


And if you're canny enough to ask about 
a feature you haven't seen they'll always say, 


“WE'RE WORKING ON IT." 


It's only dishonest if they say, "It'll be ready 
next month.” 


Patent 3,767,901 
is for the Disney 
Audio-Animatronice 
system, which now 
basically consists of the manipulation of rubber puppets 
minicomputer, through cables and puffe of air. 
Walt Dieney Productions. 
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VIDEO. S happy nedium? some asttevings 


Would you believe there was television broadcasting 
over the airwaves in the nineteen-tventies? The thing is, 
it used bizarre epinning equipment because there were no 
CRTs (eee “Lightning in a Bottle," nearby.) Only with 
the development of radar in World War IT did there also 
come a practicable Cathode Ray Tube, making home televis- 
don feasible. 


But the big companies vere at first very conservative 
im their marketing, figuring televieion would be a luxury 
item only. It took a man named Madman Muntz, who carica- 
tured himself in a Napoleon hat, to see that millions would 
buy television if the price wae right. So he came out with 
Muntz TV in the late forties. As I recall, the Muntz TV 
coat $100 and had one tuning knob. (This was less intini- 
dating than the row of knobs on more expensive sete.) I 
don't know how Muntz came out on it all, but hie opening of 
the masa market made the bigger corporations realize it was 
there. (Thie same thing may yet happen again in never 
media.) 


Originally all there vas vas Krazy Kat and Farmer 
Brown cartoons. But behold, sooner than you could say 
“vertical hold," there were Sid Caesar and Imogene Coca 
on the Admiral Show, and we were off. 


A quarter of a century later, the beet of television 
ja no better and the bulk of televieion ie about as bad 
ap it ever vas. 


We “underatand" television. That is, we know what a 
TV show te, how it fite together and eo on. 


ICECUBES 


But what people don't reslize about TV ie that the 
governing feature is the time~alot. In any wedium with 
time-slots, whether TV, radio or classroom education, the 
time-slot rules behavior. Whatever can happen ie a6 con- 
strained ae icecubee in a tray. 





This ia the limiting factor when optimiate try to 
use TV for teaching. If it's coming over a cable, every- 
thing has to be echeduled around it, and the contents are 
clipped and constrained to fit the time-slot. It may be 
better with videotape. 


CABLES 


‘ 
In the last dozen years, Cable TV, or CATV, has 
becowe big business. A Video Cable ia a high-capacity 
electrical carrier that runs through a given neighbor- 
hood or ton. Business and individuale may “sub- 
acribe" and get their own sete hooked onto the cable. 





What this does firec of all ie improve reception. 
The fouled-up video picture caused by such extraneous 
objects as the World Trade Center in New York can be 
corrected by hooking into the video cable: you get a 
nice, sharp picture. 


In addition, though, the cable offers extra channele. 


Now, the businessmen vho h been throwing togeth- 
er these video cable outfite are aiming for something. 
They have been thinking that these extra channele would 
net them a lot of money: by showing things on them that 
can't be offered on the air— highbrow drama, or perhaps 
X-rated atu€f-- they could get extra revenue. (You'd pay 
extra to watch it by buying an unecrambler, or whatever.) 





Thie is turning into eomevhat of a disappointment. 


The cable people had foreseen, evidently, that people 
would stay home in droves to see the new offerings on the 
cable. In Show Bueinees it's easy to forget, though, that 
everybody has only twentyfour houre in a day, and far lese 
than 24 houre to dispose of freely; #0 every leisure occu- 
pation le competing with every other ledeure occupation. 
Moreover, the reaidual leisure occupation, when there's no~ 
thing else co do, ie TV. It would seem that few people 
would watch more television if it vere better, but many 
would watch leas if they could afford to go out. 











EXTRA CHANNELS 


In recent yeare, a number of extra channels have been 
made available by lav. These are the UNF, or Ulera High 
Frequency channela. These, like cables, represent a con- 
eumer breakthrough but vill have only negligible impact. 


THE PROBLEM OF ORGANIZATION 


Whatever else you msy say about them, the networke 
and TV stations are at least organized aa going concerns 
within the institutional structures of the country. Ideas 
of “community televiefon" and other such schemes which cell 
for some new form of social organization to spring forth 
are about as plausible as “community control” of achools 
and police— or at best likely to be ae influential as 
“coummity social centere." 


INTRRACTIVE TV? 


Some people, I won't say who, have gotten a lot of 
money for something they cail “interactive television." 
What this turne out co mean is any form of computer time— 
sharing that will uee home TV terminala and video cables. 
The queations are why use home TV terminale and video 
cables, insofar ae they vould seem to promise only com- 
paratively low-grade performance; and whether these people 
have thought out anything about the potential characterie- 
tice of the various media they propose with such abandon. 
Nothing I have seen or heard about this is reaseuring. 


“ALTERNATE” TELEVISION, or VIDEO PREAKS 


_ In recent years, many young folks have taken to video 
ae a way of life. In the most extreme cases they say things 
like “the written word ie dead,” prompted perhaps by McLuhan. 
I have found it rather difficult te talk to video freaka. 
(It may be that some of them are against spoken words aa well.) 
I really just don't know what they're about. 


The work of these people ie as exuberant aa it is strange. 
I haven't sean much of It or understood much of what I have 
Been. 


In same cases, “alternative television” simply means docu- 
mentaries outside the normal framework of ownership and report- 
ing. In one example cited by Shamberg (see bibliography), 

video freaks did excellent coverage of the 1968 Republican conven 
tion. People were alloved to speak for themselves, unlike “nor- 
mal” TV journalism where “commentators” tell you what they see. 


Now, this is hardly revolutionary; it ie just good documen- 
tary-making that shucks dumb traditions artistically, much like 
the Pennebaker films. Hovever, video enthusiasts claim it is 
somehow different, and indeed claim that video ie different in 
principle from films. I have been unable to get a satisfactory 
clarification of thie idea. ~ 


Video is being used in other ways, harder to underatand, by 
artiste (best defined as persone called "artists" within the art 
world today). Very odd "video pieces” have been shown at art 
shows, where the object seems to be to confuse the viewer-- or 
knock him into a condition of Enlarged Perspective, shall we say. 
And a variety of non-objective videotapes are now being created. 
(A gallery show in 1969 was called “Video as a Creative Medium” 
-- implying sarcastically that it had not been before, on the 
airwaves.) 


Some video freaks think of video as intrinsically radical or 
Revolutionary. In thie respect they differ interestingly from, 

, the editors of the National Lampoon. The editors of the 
National Lampoon appear to be political radicale, but do not sug- 
gest that the very media of cartoon and joke-piece are themselves 
revolutionary. Same video freaks appear to be persuaded that the 
medium of television itself ies Inherently a vehicle for change. 





I can understand one interesting sense in which this may be 
true: Shamberg talks about video as a method of self-diacovery. 
Seeing yourself on TV does, of course, confer certain insights. 
But Shamberg suggeste it may expand people's consciousness in 
larger waye-- allowing people to see the bleakness of certain 
pursuits (he uses the example of Shopping), for inatance. But 
if this does hit home to people, it doesn't seem to me to be the 
medium that's doing it but the selected content-- as in all pre- 
vious media. Maybe I've missed the point in eome way. 





These developments are all very interesting. It can be 
hoped that those trying to develop new forma of communication 
will make an effort to communicate better with those who, like 
the author, often cannot comprehend what they are doing. 


But decentralized transmission of 
information should be dominant, not fugi- 
tive. Each citizen of Media~America 
should guaranteed ag a birthright access 
to the means of distribution of informa- 
tion." 

(Shamberg, p. 67) 
™ Well, we went down there with our 
Porta-Pak and tried to take it inside. 
A guard came over and said ve couldn't 
and even threw one of us out of the booth 
while the other wae inside. A guard 
telling you what to do in a cybernetic 
environment?" 


(Shamberg, p. 53) 


("Cybernetic 1s evidently a code 
word here for what they think is 
good, true, beautiful and inevi- 


table. cf. p. DM 13.) 


About the only generalization to be 
made is that community video will be 
subversive to any group, bureaucracy, or 
individual which feels threatened by a 
coalescing of graseroots consciousness. 
Because not only does decentralized TV 
serve as an early warning system, it pute 
people in touch with one another about 
common grievances.” 


(Shamberg, p. 57) 
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THE CATHOME-RAY TUBE 


A cathode-ray tube is actually a bottle filled 
with a vacuum and some funny electrical equip- - 
ment. The equipment in the neck of the bottle 
shoots a beam of electrons toward the bottom of 
the bottle. 


a) 


3 
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This beam of electrons is called, more or less for 
historical reasons, a cathode ray. Think of it as 
4 straw that can be wiggled in the bottle, 


Actually the bottle is shaped so as to have 
a large viewing area at the bottom (the screen), 
and this ecreen is coated wilh something that glows 
when electrons hit it. Such a chemical is called 


@ phosphor. 





Now, lwo useful things can be done with this 
beam. 


1) It can be made brighter by increasing 
the voltage, which increases the 
number of electrons in the beam. 


2) The beam can be moved! That is, it 
can be made to play around the face 
of the tube the way you can slosh 
the stream of a garden hose back 
and forth on the lawn; or wiggle a 
straw in a coke bottle. The beam 
can be moved with either magnetism 
or static electricity. This is applied 
in the neck of the bottle-- or even 
from outside the neck-- by deflection 
plates, whose electrical pulsations 
determine the pattern the beam 
{races on the screen. (Note that the 
beam can be moved on the screen at 
great speed.) 





The vertical deflection plates can pull the 
beam up or down on the screen, controlled by 
@ signal to them; 
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the horizontal deflection plates can pull the beam 
sideways on the screen, controlled by a signal 
to them. 





By sending combined signals to both hori- 
zontal and vertical deflection plates, we can make 
the end of the beam-- a bright dot on the screen, 
sometimes called a flying spot-- jump around in 
any pattern on the screen. A repeated pattern 
of the beam on the face of the CRT ie called a 
Faster. 


From these two capabilities-- brightening 
and moving the beam-- 2 number of very epecial 
technologies emerge: 


TELEVISION uses ® zig-zag scanning pat- 
tern which repeats over and over, 
This zigzag pattern is always the 


same, night and dey. 


You can usually see the lines clearly 
on a black-and-white set. The pic- 
ture consists of the changing pattern 
of brightness of this beam, which 
comes in over the airwaves as the 
television signal. 


RADAR DISPLAY uses a CRT to show reflec- 
ted images around where the radar 
antenna is standing. Thia uses a 
scanning raster of a star shape, 
brightening the beam when reflected 
images are received. 


COMPUTER CRT GRAPHICS generally use 
the CRT in still another way: the 
beam is moved around the ecreen in 
straight lines from point to point. 
(Between different parts of the pic- 
ture the beam is darkened, turned 
very low so you don't see it.) 


a 
a 
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Because the image on a normal 
CRT fades quickly, the computer muat 
ordinarily draw the picture again and 
again and again. (Methods for thie 
aré discussed on p. PM 22-3.) 


SPECIAL KINDS OF CATHODE-RAY TUBES 


The CRT is not merely a single invention, 
but an entire family of inventions. The ordinery 
CRT, which we have discussed, is viewed et one 
end by a human being, has an image which fades 
quickly, and can have its flylng spot driven in 
any kind of raster or pattern. 


Here are some other kinds of CRT: 


The picture transmitter, which has different 
versions and names: Vidicon, Image Orthicon, 
Plumbicon, etc. THIS IS THE MAGICAL DEVICE 
THAT MAKES THE TELEVISION CAMERA WORK, 
AND YET, BY GOSH, IT'S JUST ANOTHER CRT. 
Except instead of the picture coming into it as 
an electrical signal and out of it as an optical 
image, the picture comes into it as an optical 
image and goes out of it as an electrical signal: 


How can thie be? 


The ‘tube sits inside the television camera, 
which is an ordinary camera, like, with a lens 
projecting a picture through a dark chamber 
onto a sensitive surface. But instead of the 
surface being a film, the surface is the faceplate 
of a CRT with some kind of a special pickup 
phosphor: 


TW CAMERA 
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The electron beam, which is just like any 
other electron beam, is made to zigzag across 
the faceplate in a standard television raster. 
And the special phosphor of the tube measures 
the brightnese of the picture at the spot the 
beam is hitting. have no idea how this hap- 
pens, but it's chemical and electronical and mys- 
terlous, and is based on the way the phosphor 
interacts with the light from one side and the 
electrons from the other side at the same time. 
Anyhow, & measurement signal comes out of the 
faceplate, indicating how bright the projected 
picture is in the very spot the electron beam is 
now hitting. 








As the beam criss-crosses the faceplate in 
the zig-zag television raster, then, a continuously 
changing output signal from the faceplate shows 
the brightneeses all across the succeasive lines 
of the scan, 


And that is the television signal. Together 
with synchronizing tnformation, it's what goes 
out over the airwaves, down your antenna and 
into your set. Your set, obeying: the synchron- 
izing information, brightens and darkens its own 
beam in proportion to the brightness of the ~ 
individual teeny regions of the faceplate in the 
television camera. And this produces the scin- 
tillating surface we call television. 


i 
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The color tube is a weird beast indeed. 
There are several types, but we'll only talk 
about the simplest (and many think the best), 
Sony's Trinitron(TM) tube. 


This is an ordinary CRT which has, in- 
6tead of a uniform coating on the faceplate, tiny 
vertical stripes of three primary colors-- red, 
blue and green. (You thought the primary col- 
ors were red, blue and yellow, didn't you. If 
you're mixing pigments that happens to be true. 
For some ungodly reason, however, if you're 
mixing lights, the colors that yield all others 
turn out to be red, green and blue; it turns out 
that yellow light can be made out of red and 
green. If you don’t believe me go to a chintzy 
hardware store, get a red and a green bulb, 
turn 'em on and see what happens in a white- 
walled room.) 


At any rate, color television uses addi- 
tional color signals, and in the Trinitron these 
control the response of the faceplate. If the 
color signal says "green" as the electron dot 
crosses a certain part of the screen, the color 
signa) tells the green stripes that they're free 
to light up when hit. if it's Yellow Time, the 
signal tells both the red stripes and the green, 
and so side by side they light up red and green, 
as the beam crosses them, but the total effect 
from more than a few inches is Yellow. 


Most American color TV sets, however, at 
least up till this year, used something very difz 
ferent, something entirely weird called the 
Shadow Mask Tube. I'll spare you the picture, 
but there were several different electron beams 
-~- often referred to jokingly as the "red electron 
beam," "blue electron beam" and "green electron 
beam,” though of course they were identical in 
character. These hit a perforated sieve, up 
near the screen, called the shadow mask, and 
the color signal tweaked the unwanted beams 
so they did not hit different-colored phosphor 
dota that were intricately arranged on the screen. 
I'm sorry I started to explain this. 


Multigun tubes have more than one electron 
gun and more than one electron beam. They 
can be used in different ways (aside from the 
old shadow-mask TV tube, mentioned above). 


For instance, one gun can be driven in a 
video raster, to show television, while another 
gun can be used as a computer display, drawing 
individual lines with no regard to the TV pattern. 
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The storage CRT comes in two flavors: 
viewable and non-viewable. But what it does 
is very neat: it holds the picture on the screen. 
The mechanisms for this are of various types, 
and it's all weird and electronic, but the idea 
is that once something is put on the screen by 
the electron beam, it stays and stays. Up to 
several minutes, usually. The main manufac- 
turers are Tektronix, Princeton Electronic Pro- 
ducts, and Hughes Aircraft; each of these three 
has a product that worke by a different method. 


Note: Tektronix’ tube ip built into. a num- 
ber of different computer displays, and is rec- 
ognizable by its Kelly green surface. They 
themselves make complete computer terminals 
around this scope for $4000 and up, bul lots of 
other people put it in their products also. It 
shows whatever has already been put on the 
screen, and the electron beam does not have to 
repeat the action. However, it usually only 
stays jit for about a minute. 


Princeton Electronic Products (guess where) 
is a much smaller outfit, so perhaps it is appro- 
priate that they make a much smaller storage 
tube. It is about one inch square at its atorage 
end, and you don't look at it directly. Instead, 
an image can be stored on it either wth a TV 
raster or by computer-driven line drawing. 
Afler the image is stored on it, though, it func- 
tions as a TV camera: the picture stored on the 
plate can be read out with a scanning raster, 
exactly as if it were a picture transmitter in a 
television camera. The Princeton folks have 
built a quite expensive, but quite splendid, 
complete terminal around this device: it can hold 
both video and computer-drawn Piclures, super- 
imposed or combined, and sends them back out 
in standard black-and-white TV. $12000. 


CRTS which bring in a picture one way 
(such ag a video raster) and send it back out 
another way (such as by letting a computer 
search out individual points) are called ecan 
converters. a 


A word about this last method. It is often 
desired by computer people to turn a picture 
into some form of data (see p.j,)). Scan conver- 
tera, usually by the three manufacturers named 
above, can be hooked up to let the computer pro- 
gram poke around in the piclure and measure the 
brightness of the picture in arbitrary places. 
A device which examines the brightness of some- 
thing in arbitrary places is called a flying spot 
scanner.) Here are some different kinds of 
Qying-spot scanners: 
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I have heard it said that it might be pos- 
sible to build a CRT with a changeable mirror 
surface: that is, the screen becomes mirrored 
temporarily where it is being hit with the elec- 
tron beam. Interesting. This would mean that 
you could make computer displays (and TV) 
bright and projectable to any degree, say, by 
pouring a super-intensity laser beam on it. "Be 
great for writing 'Coca-Cola' on the moon," says 
a friend of mine. If you believe in astral pro- 
jection. 

VIBLIOGRAPHY: Color TV Training Manual, Same & Co./ 
Bobbs-Merrill ($7), fa a well-illustrated and 
intelligent introduction to the TV use of CRIs. 





professor of Art 
at U. of Itlinot 
Chioago Cirele, 
saye very wise 
thinge (having 
been a physictet), » 
and we were going 
to have a whole 
eeation on that, 
but as you can see 
there wasn't room. 












Daniel J. Sandin (pronounced ean-DEEN) hae 
epent the last several yeare putting together a 
device he currently calle the IP (Image Procee~ 





and colorizing TV. What follows ie che firet 
published deacription of it. 


I regret that the folloving is probably 
one of the most difficult sections of this book. 
(If you know nothing about video, read thecoppor- 
wisepege firec.) DM6-7 


The idea is basically to create a complete- 
ly generalized system for altering the color and 









brightness of video ima, the syeten 
does not move them on t . Thus 








differe from the Computer Image line of vide 
twieting graphice syetems, which alter positions 
of objects; see p, DM 34 - Note aleo that 
vather eimilar facilities exist as part of, e.g-, 
the Scanimace eyetem, ¢. DM 34 -) 








This means that basically Sandin‘s aysten 
plays wich the part of the TV signal called z, 
or brightness (ae distinct from x or y, the eig- 
nals for horizontal and vertical movement of the 


dot. See aeqeptronease: 
a) 


Now, a8 a phyaiciet and field-cheoretician, 
Saodin approached thie as a problem in generality; 
and indeed, the etyle of generalization should be 
appreciated. Sandin repeatedly chose flexibility 
rather than obviousn in the parte he 
cr The resulting aystem ie both pa 
fous and productive. 












His firec important decision was that all 
parte of the system should be compatible and idiot~ 
proof, eo that any user could frivolously plug it 
together any way at all without burning out the 
circuite. 


Indeed, Sandin decided to build it like a music 
synthesizer: by making all systems electrically com- 
on the Moog aud ite progeny), 
any eign ter or influence any 
other slgnal. This 10 a very profound decieion, 
whose far-flung reaulte have not yet been fully ex- 
plored even among Sandin’s rather fanatical etud~ 
ents. 











ically, the incoming video image is “strip- 
ped" of ite synchronizing information, eo that all 
eignale turning up in the gute of the machine may 

be freely modified. Only at the final output stage 
are the joca and tittles of the video signal put back 
on. 





blocks of the Image 
between which the other 


Thue the first and la 
Procesaor act like bookend: 
modules have their fun. The firet block makes the 
incoming signal into "naked" video, the last block 
dresses it up reapectably again. 
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.For the eake of clarity we will refer to the 
outpute ictures, or ae black, vhite or grey, 
which they would be 1f they went straight out to a 
acreen; but they may be turned back into the eyeten 
and function as inputs aa well. “White” meane +.5 
volta, "black" means -.5 volts. 











Let us coneiacer, then, Sandin’s modulee and vhat 
thay do individually to the brightness signal z. 
Combinations are beyond the ecope of this article 





te not to be believed. 


Savage colores or 
dalicate off-white, 
solarisations and 
piotures on top of 
pioturwe. Then through 
"video feedback" 
(pointing a TV camera 
at a TV screen), 





1. ADDER-MULTIPLIER. Thie coubines two input 
channele, either directly or aa specified by a third. 


ADDER ~ 
MUL PL ER 





The channel A Lopute are added together and: mul- 
tiplied by C; the channel B inpute are added together 
and multiplied by the reverse of C; both results 
added to make the output. (NOTE: this unit is used 
among other things, for fades and keying.) 





2. COMPARATOR. Thie is like Kodalith film,aak- 
ing an image into stark black and white. Ite output 
is pure black or white. One input signal (the video) 
ia compared with another input signal (reference level, 
other video, whatever). 


While one is greater che output goes all black, 
and while the other 16 greater {t goes all white. 


3. VALUE SCRAMBLER. This le a eingle module 
dividing the picture into eight levels. It may be 
thought of ae eight of the above comparators, divid- 
ing the brightnese spectrum by quantum jumps. The 
floor and ceiling of the signal to be divided are 
specified by the two control channels, but the divid- 
ing linee between them are then automatically deter- 
mined. Each corresponding output level may be con~ 
trolled by a knob. 
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Thus €row a range of input values, we get an 
output step-function each of whose brightnesses te 1o- 
dividually adjustable. 


Note that these devices may be arranged io 
‘allel, thus dividing the brightn epectrum into 
as many levels ae desired. 








4. OSCILLATOR MODULE (very unusuel). Sandin's 
oscillatore are voltage controlled, just like the ones 
in queic eyathesizers. However, if 
a sync eignal, they lock into the n 
(or submultiple) within che specified range. (But 
then the control signal,if any, tveake it higher or 
lower.) Standardized output comes in eine, square and 
sawtooth. 





OSELLATOR, 





The two planued uses vere A) with sync, to 
generate fixed patterua, and B) without @ aync, to 
generate movable patterns. If both inpute are used, 
it becomes a stubborn lock-on voltage-controlled os- 
cillator, which tends to grab at paseing eubmltiples. 





5. DIFFERENTIATOR. Basically this sees edges in 
the picture, ot any other part of a scan-line whose 
color is changing. Its output is proportional to 
change occurring in the brightness of a scan-line, 

‘Ae the input goes from black to white ite oucput is 
light;.ae the toput goee from vhire to black ite out- 
put fa dark. (The input hole selected determines the 
amount of multiplication.) 


DIFRERENTATOR 
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7 EXREY TANGLE OF LIGHT RAYS 


wi IT THE FILM ORIGINALLY 
baa OO ed oN STRUCTED. 


Diagram of how hologram is made, p. DM 20. 


HOLOGRAPHY 
i - Dens ee 


Holography ie one of those Modern Miracles 
that we really can’t get into. Ic ie mind-blowing, 
influential, and of unclear imporcance. 


Theoretically predicted by Dennis Gabor, the 
hologram (Greek "whole picture") was finally made 
to work in the late fifties by Leith and Upatnieks. 
Since then dozens of other types of holograms have 
been experimented with, including color holograms, 
movie holograms, video holograms, audio holograms 
and gracious know vhat. 


Basically » hologram is an all-around picture. 
It doasn't look like a picture, but looks like s 
smudged Fingerprint or other mistake of some kind. 


Yet it ie « marvel. 


A basic hologram (— actually it should be 
called @ laser hologram or Leith-Upatnieka holo- 
gram, but ve've no time for such distinctions—) 
is one of these smudgy pictures which, when viewed 
under a proper laser setup, shows you a three- 
dimensional picture. Wor 
your head, the picture chan; 
It looke, not like the flac surface ic ie, but like 
a lit-up box with a model in it. 






Whac does che hologram do? Actually ic re~- 
creates, not a eingle view, but the entire tangle 
of light raye that are reflected from the real ob- 
ject. Even down to bright reflections, which 
scintillate in the usual vay, ae from chromium. 


The only problem: ordinarily they have to be. 
used vith laser light, which is epookily one- 
colored. 


Notee from all over: art styliet Salvador Dali 
presided at an unveiling of “the world's firet 360° 
at a New York gallery not long ago. The 
song stylist Alice Cooper. 








at Disney World in Florida 
will ride you through a building full of holograms. 
Thact'@ one way to move through ghoete, all right. 


There ie a New York School of Holography. 





6. FUNCTION GENERATOR. This device ie hardest to 
explain. Let's do it in terms of that first module, the 
Adder-Multiplier. Know how the Adder-Multiplier pute out 
either a positive or a negative picture, depending on 
which input you select? 
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Well, che Funccion Generator divides the input bright- 
@ into three ranges, and multiplies each range poai- 
OF negative, in proportion to its own knob setting. 





Thus the combined setting of the three knobs generat— 
es a “function,” or curve, from the elopes of the individ- 
ual settings. See graph. What in photography is called 
“solerization"” represents just one of these combined set- 
tinge. The others are nameless. 
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7. COLOR ENCODER MODULE. This fe the last block. 
Inco tt go three elgnals, the desired red, blue and green; 
and out comes standard BTSC video. 





Body Elecreonres 


"I eing the body alectric..." -- walt Whitman 


There are various people who want to at- 
tach electronics to people's bodies and brains. 


There are basically two starting points 
for this ambition. One is authoritarian, the 
other is altruistic. I am not sure both schools 
are not equally dangerous, however. 


Let's consider first the authoritarians. 
Prof. Delgado of Yale has demonstrated that any 
creature's behavior can be controlled by jolts - 
to the brain. Delgado has dealt especially with 
the nega © circuits of the brain, that is, 
places where an electrical impulse causes pain 
(or "negative reinforcement"). In Delgado's 
most stunning demonstration, he stopped a char- 
ging bull with just a teeny radio signal. En- 
thusiastically Delgado tells us how fine this 
sort of thing would be for controlling Undesir- 
able Iluman Behavior, too. 


Now, let's consider just what we're talking 
about. In these experiments, needles are im- 
planted in the creature's brain. This can in- 
volve removing a section of the skull, or it can 
be done merely by hammering a long hollow needle 
straight into the skull and thus the brain, 


The researcher, or whatever we want to call 
him, had better know what he is doing. But due 
to the remarkable mass action of the brain, the 
destruction caused by such needles will have not 
observable effects if done properly. 


The hollow needle, once in place, becomes a 
tube for shielded electrical wires, whose bare 
metallic tips may then be used to carry little 
electrical jolts, to whatever brain tissue is 
teached by the tip of the needle, whenever tiny 
signals are applied. . 


Now there are regions of the brain, distri- 
buted irregularly through its mysterious contents, 
which are loosely called the “pleasure” and 
"pain" systems. They are called that because of 
what the organism does when you jolt it in those 
places. (We do not know whether jolts to these 
areas really cause pleasure or pain, because 
these mgs haven't been done to human beings. 
Yet. The creatures it has been done to can’t 
tell us just how it feels; thus "pleasure" and 
"pain" are in quotation marks. For now.) 


Anyway, what happens is this. If you stim- 
ulate a creature in the "pain" system it tends to 
stop what it is doing-- this is called negative 
reinforcement-- and if you stimulate it in the 
pleasure system, it tends to do more of what it 
was doing. Positive reinforcement. 





Now, to some people this suggests wonderful 
possibilities. 


Delgado, for instance, believes that this 
technology gives us everything we need for the 
control of Anti-Social Tendencies. Criminals, 
psychopaths and Bad Guys in general-- all can be 
effectively "cured" (i.e., put on their best be- 
havior) by these techniques, All we have to do, 
heh heh, is get into their heads, heh heh, habits 
of proper behavior. And with these new techniques 
of reinforcement, we can really teach ‘em. 


Unfortunately Delgado is probably right. 


In principle this is just a drastic form of 
behavior control on the B.F. Skinner model (depic- 
ted also in Nineteen Eighty-Four and A Clockwork 
Orange), The new system is more stark and start- 
Ting because of its violation of the individual's 
body interior, but not in principle different. 


Skinner has the same naive, simpleminded sol- 
utions for everything. All "we" have to do-- 
using “we to mean society, the good guys, good 
guys acting on behalf of society, etc.-- is con- 
trol the behavior of the bad guys, and everything 
will be better, and "we" can accomplish anything 
"we" desire. 


The reader may see several problems with this. 


In the first place (and the last), there is 
the obvious question of who we are, and if we are 
going to control other people, who is going to 
control us. : 


At a time when our “highest" leaders show 
themselves preoccupied with low retaliations and 
lower initiatives, we can wonder indeed if it is 
not more important to prevent anyone from ever 
etting this kind of control over humans than to 
facilitate it. 


Even if that weren't a problem, there is the 
more simpleminded question of who in the existing 
system would use such techniques. It turns out, 
of course, that they would be added to what is 
laughably called the Correctional System, or even 
more laughably called the Justice System. All 
the sadists you could possibly want work there. 
(And no doubt some very nice guys-- but experi- 
ments have demonstrated horrifically that decent 
people, turned into "guards" even for a short time, 
adopt the patterns of brutality we have known from 
time immemorial.) 


So, like truncheons and electric shock ther- 
apy and solitary confinement and everything else, 
these techniques-- if they are used-- will enter 
the realm of Available Punishments, not to be used 
with clinical precision but with gratuitously bru- 
talizing intent, new tools for punitivity and 
sadism, The “correctional” system would have to 
be magically corrected itself before such tools 
could be employed without simply making things 
worse, And the prospect is not good. 


Such schemes grow, of course, from a carica- 
ture of the malefactor-- thinking him to be some 
sort of miswired circuit, rather than a human being 
caught up in anger, pain, humiliation and unen- 
ployment. 


(There are also a lot of canards about Free 
Will, but these do nothing for either side «in this 
controversy.) 


NEW FACULTIES 


Starting From an entirely different outlook, 
various designers and bio-engineers are trying 
to add things to the human body and nervous sys- 
tem, for the voluntary benefit of the recipient. 


A number of research and development efforts 
are aimed at helping those with sensory impair- 
ments, and electronics obviously is going to 
involved. 


An example: a firm called Listening, Inc, 
in Boston, founded by Wayne Batteau (whom John W. 
Campbell considered one of the Great Men of Our 
Time), devised a system for helping the totally 
deaf to hear. Supposedly this could transmit the 
actual sensation of hearing into the nervous sys- 
tem by some scarcely-understood form of electri- 
cal induction. The machine was sold off; whether 
it ever got a safety rating I don't know, 


This is the sort of thing people would like 
to do for the blind, as well. 


Now, in principle, it might be possible to 
transmit an image in some way to the actual vis- 
ual area of the cerebral cortex. (This might or 
might not involve opening the skull.) Somebody's 
working on it. 


In a related trend, numerous design groups 
are attempting to extend the capabilities of the 
human body, by means of things variously called 
possums, waldoes and telefactors. 


"Possums" {from Latin "I can") are devices 
to aid the handicapped in moving, grasping and 
controlling. Whatever motions the person can 
make are electronically transposed to whatever 
realm of control is needed, such as typewriting 
or guiding a wheelchair. ("Waldo" is Heinlein's 
term for @ possum that can be operated at a dis- 
tance.) 


In the space program, though, they call them 
telefactors. A telefactor is a device which con- 
verts or adapts body movements by magnification 
or remote mimicking, Unlike possums, they are 
meant to be operated by people with normal facul- 
ties, but to provide, for example, superhuman 
Strength: cradled in a larger telefactor body, a 
man can pick up immense loads, as the movements 
of his arms are converted to the movements of the 
greater robot arms. 


Telefactors can also work from far, far away. 
Thus a man sitting in a booth can control, with the 
movements of his own arms, the artificial arms of 
a robot vehicle on another planet. 


(This whole realm of sensory and motor mechan- 
ics and transposition is an important aspect of 
what I call “Fantics," discussed on pp. DAY8-$1). 


Then there are those who, like How Wachspress 
(see nearby), want to expand man's senses beyond 
the ordinary, into new sensory realms, by hooking 
him to various electronics. 


THOUGHTS 


There are two problems in all of this. The 
first and worst, of course, is who controls and 
what w.i: hold them back from the most evil doings. 
Recent history, both at home and abroad, suggests 
the answers are discouraging. 


The second problem, wispish and theoretical 
next to that other, is whether in turning toward 
bizarre new pleasures and involvements, we will not 
lose track of all that is human. (Of course this 
is a question that is asked by somebody whenever 
anything at all changes. But that doesn't mean it 
is always inappropriate.) 


In the face both of potential evil and dehum- 
anization, though, we can wish there were some 
boundary, some good and conspicuous stopping place 
at which to say: no further, like the three-mile 
limit in international law of old, 1 personally 
think it should be the humen skin. Perhaps that's 
old-fashioned, being Tong Breached by the Pace- 
maker, But what other lines can we draw? 


The prospects are horrorshow, me droogies. 


BIBLIOGRAPHY 


T.D. Sterling, E-A. Bering, Jr., S.V. Pollack 
and H. Vaughan, Jr-, Vi 1 Prosthesis: 


The Interdisciplinary Dialog. ACM 
Menegraph. §21. 





PSPCHO- ACOUSTIC. DILDONICS 


| originally hadn't intended to include any- 
thing like this in the book, wanting It to be a 
family-style access calalog and all that, but thie 
particular item seeme fairly important. 


Remember how we laughed at the Orgasmo- 
tron in Woody Allen's Sleeper? Well, it turns 
out not to be a joke. 


An individual named How (not Howard) 
Wachspreas, electronicker-in-reaidence at a San 
Francisco radio station, has been developing just 
that, except that he has more elevated purposes 
in mind. The secret was broken to the world 
in Qui magazine earller thie year; but Hefner. 
the publisher, evidently held back the more 
stertling pholographe of a model In electronically- 
induced ecstasy. 


Wachspress' devices transpose sound (as 
audio signale) into feelings; you touch your 
body with an open-ended tube or other soft 
fixture attached to hie device-- which in turn 
ie attached to a hi-fi. 


The sensations, it is claimed, are pro- 
found and moving. You may take them anywhere 
on your body; the effect Is deeply relaxing and 
emotionally engrossing. Wachapress thinks he 
has reached an entire neurological system that 
wasn't known before, much like Olde’ discovery 
of the "pleasure center" in the brain; he sees it 
a8 a new modality of experience and a feneral- 
zation of music and touch. That is the main 
point. "Hyper-reality” is where he saya Il gete 
you: a point curiously congruent with the author's 
own notions of hypertext and hypermedia es ex- 
tensions of the mental life. 


This said, we can coneider the prurient 
aspects of Wachspress' Auditac and Telelac devi- 
ces (which he intends to market in a couple of 
years as hi-fi accessories, b'gosh). When 
played with the right audio, in the right places, 
and a good operator at the controls, they provide 
@ sexual experience said to be of a high order. 


Wachspress' work ties in interestingly with 
today's "awareness" movement, of which Esalen 
is the spiritual center, which holde that we have 
gotten oul of touch with our bodies. our feelings, 
our native perceptions. As such, the Wachsprese 
machines may be an unfolding-mechanism for the 
unfeeling tightness of Modern Man-- as well as 
a less profound treatment for “marital difficulties" 
and Why-Can‘t-Johnny-Come-Lately. 


Inscrutable San Francisco! Wachsprees 
gave a number of demonstrations of his devices 
in Bay Area churches, until he became disturbed 
at Immodest uses of the probe by female communi- 
cants who had stood In Ilne to try the machine. 


(Auditac, Ltd., Dept. CLB, 
1940 Washington St., 
San Francisco CA 94109.) 


Harry Mendell, a good friend of mine, rigged an 
interesting experiment while he was still in high school. 


He used a little Hewlett-Packard minicomputer, which © 
the manufacturer had generously loaned to him Knighte of 
Columbus Computer Club of Haddonfield, N.J. 


Harry hooked the Hewlett-Packard up to a CRT display 
(eee pp- 046-7, b42U3). At the top of the CRT, following 
his program, the computer continuously displayed the let~ 
tere of the alphabet. A little marker (called a cursor) 
would skip along underneath the letters, acting as 3 mar- 
ker for each of them in turn. 





Warry rigged one sore external device: a set of alec- 
trodes. These would be strapped, harmlesaly, to the head 
ef a subject. Harry's computer program used these elec- 
trodes to measure alpha rhythm, one of the mysterious 
pulses in the brain that come and go. 


Every time the mubject flashed alpha, Harry's program 
would copy the letter above the cursor to the bottom of 
the screen. 


Sitting in thie rig, subjects were able to learn, 
rather quickly, TO TYPE WORDS AND SENTENCES. Just by 
flashing alpha rhythm when the cursor was under the right 
letters. 

Jubilant, Harry showed thie setup to an eminent neuro- 
physiologist from a great university nearby, 4 man special— 
izing in electrode hookups. Harry vas a highschool student 
and did not understand about Professlonalien. 


"What's eo great about that?" eniffed the eminent 
professional. "I can type faster.” 


So Harry dropped that and vent on to other stuff. 
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PICTURE PROCESSING 


"Picture procesaing” is an important technology, 
largely separate from the rest of computer graphics. 
It means taking an incoming picture, usually a photo- 
graph, and doing something to it. (Some now call thie 
area “computer pictorics.") 


Firet of all, there ia image enhancement. Thia 
meana taking pictures, dividing them into pointe whoa 
brightnese ia separately measured, and then using spec- 
dal techniques for making the picture better. To 
people familiar with photography, thie may seem in- 
poseible; to photographere it {a a maxim that photographs 
always lose quality at each step. Nevertheless, various 
mathematical techniques euch ae Fourier Analyeia (men- 
tioned elsewhere) do just. that, producing a new data 
etructure improving on the original data. Surfaces ap- 
pear smoother, edgea sharper. 





(These techniques have been extenaively used to 
clean up photographs sent back from our unmanned apace 
vehiclese— both those used exploring other planets and 
those epying on our own— see Secret Sentries in Space, 
Bibliography.) 





Then there are recognizera-~ programs that look at 
the data structure from an input picture, and try to 
diecern the lines, cornera and other features of the 
picture. (While your eye inetantly sees these ‘thinge, 
computere do not, and must look at the dots of a picture 
onerby-one. How to analyze pictures in euch tedious se- 
quencea is no simple matter.) 


For recognizing more complex objecta in picturea— 
spheres, facee or whatever more complex struc- 
nalyzing programs are necessary. As the posasibil- 
ities of what might be in a picture increase, these in- 
creasingly become guessing programs. (This becomes a 
branch of artificial intelligence, a misleading term for 
a curious field, discussed on pPri2-ly.) 





Numerous computer people think it fe important to 
match up our computer graphic display systems (described 
variously on this eide of the book) to image input sye- 
tems. This ie a matter of taste. 


These are all basically techniques for making a 
data structu Any data stored in computers met have, 
of course, a data etructure— which basically meane any 
arrangement of information you choose. (eee p.26-4.) 








Theee various techniques are intended to create re~ 
duced data structures, recording only the “most impor~ 
tant" data of the picture— from which new and varying 
pictures may be created, reflecting the “true" structures 
originally showa in the initial picture. How much it's 
going to be possible to create these data structures 
from input pictures remains to be seen; some of ue think 
it's not going to be generally worthwhile. 





BIBLIOGRAPHY 


Azriel Rosenfeld, "Progreaa in Picture Processing 
1969-71." ACM Computing Surveys June 73, 
61-108. 


Ken Knowlton and Leon Harton, "Computer-Produced 
Grey Scales." Computer Graphice and Image 
Processing, April 72, 1-20. 


Philip J. Klase, Secret Sentries in Space. Random, 
1971, $8. Interesting general book on geopo- 
litical etrategy and orbital photoreconnais- 
gance. "Now-it-can-be-told" approach. 
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SATELLITE PICTURES OF 
YOUR OWN HOME COUNTY, 
OR WHATEVER 


You can get pictures of 
any area you vant from ERTS 
(Earth Resources Observation 
Systems) satellites, from 
EROS Data Center (no, not a 
dating service, see p- GY )s 
Sioux Falls SD 57198, oF call 
605/594-6511 bet. 7 AM & PM 
central cime. 
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Knowlton and Leon Harmon have done a 
lot of experiments with picture con- 
version (see bibliography). Here te 
a phone made into_teeny patterns 

(shown around). (©)Knowlton & Harmon. 





LIZZIE OF THE LINEPRINTER 


A famous converted picture. The painting 
was divided into 100,000 brightness-measured spots 
by H. Philip Peterson of Control Data Corporation; 
then each dot was made into a square of overprinted 
letters on the printing device. The program allow- 
ed 100 levels of grey. Above: Control Data's ver- 
sion, reprinted by permission. Below: a cut-down 
version that often turns up. (Prom original flat 
2D artwork by Len DaVinci of Medici Associat 


NOTE: this ie not a “computer picture.” There 
ie no euch thing. It's a quantization put out on 
a lineprinter. 
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KEN KNOWLTON 


Kenneth Knowlton is a Bell Labs lifer. 
Tall, patrician and gracious, his work, like 
Sutherland's, shows the inner light of unifying 
intelligence. He works in Max Mathews’ section 
of Bell Labs at Murray Hill, where they do all 
that interesting stuff with music and perceptual 
psychology and so on. During the last decade, 
Knowlton has turned out vast quantities of art~ 
icles, processed pictures, movies, and actual 
computer languages; while any ordinary man 
would be satisfied to be so productive, appar- 
ently he does a lot of other things in his work 
that he doesn't talk about. 


Some of Knowlton's best-known work 
has been in picture processing, where he has 
converted photographs into mosaics of tiny 
patterns-- which nevertheless show the original. 


His first widely-known language wes 
BEFLIX (BEll Labs movie-making system); this 
was programmed for the 7094 in the early sixties. 
BEFLIX allowed the user to create motion pictures 
by a clever mosaic process that used the out- 
put camera more efficiently. (Actually, the lens 
was thrown out of focue manually and the entire 
frame created as a mosaic of alphabetical charac- 
ters; this did the whole thing much more quickly 
and inexpensively .) 


(Some of the clever data-handling tech- 
niques of BEFLIX Knowlton then turned around 
and used in L6, a language which made these 
techniques available to other computer people. 
This may sound like only a computer technicality, 
but it's the sort of thing that's widely appreciated. 
(L6 stands for "bell, Labe' Lower-Level List 
Language .")) 


Wanting to get outside artiste interested 
in BEFLIX and related media, he worked for a time 
with film-meker Stan Vanderbeek; from this 
Knowlton saw that artists' needs were more 
intricate than he had anticipated. Augmenting 
BEFLIX with some of the things Vanderbeek 
asked for, Knowlton came up wilh a new lan- 
guage called TARPS (Two-Dimensional Alpha- 
Numeric Raster Picture System). This in turn 
led to EXPLOR (EXJMicit (ly provided 2D Patterns, 
Local (neighborhood) Operations, and Random-* 
ness). EXPLOR is fascinating because of its 
originality and generality-- not only does it 
modify pictures and serve as an artist's tool, 
but it has fascinating properties as a computer 
language and may even have applications in 
complex simulations for technical purposes. 


Since Vanderbeek, Knowlton has entered 
into a long and fruitful collaboration with Lillian 
Schwartz, a talented artist. Their many films 
have been clever, startling and powerful. 1 
must say that they grow on you: I liked them at 
first, but when I saw five or six in a row this 
January, | found them just incredible. Because 
they are abstract, and full of fast-changing 
patterns and reversals, they take some adjusting 
to; but they're worth seeing over and over. 


EXPLOR may be thought of as a highly 
Generalized version of Conway's game of Life 
(eee p. 4%). You etart with two-dimensional 
patterns as your data structure; these can be 
abstractions or even converted photographs, as 
in a recent Knowlton-Schwartz film showing 
Muybridge's Running Man. In your EXPLOR 
program, you may then cause the pattern to 
change by degrees, each cell of the pattern 
reacting to the cells around it or to random 
evenis as specified by the programmer. 





EXPLOR, running without external data, 
comes up with some extreordinary snakeskin and 
Jack Frost patterns. But its uses in traffic 
simulation and various other studies of popu- 
lations in space could be very interesting. 


EXPLOR has obvious artistic applications. 
Lillian Schwartz is using it extensively in film- 
making. It's now running on a minicomputer 
feeding to a modified Sony Trinitron color TV. 
(This color setup was created by Mike Noll 
and is described in a recent issue of the CACM, 
though only for black-and-white TV; the color 
is more recent. [t stores the color picture as 
a list of sequential colors represented in the 
computer's core memory, each dot being repre- 
sented. Cf. "Boyell's Terrarium,” p.9A3£ .) 


Knowlton has used EXPLOR for teaching 
computer art at the University of California; 
the language ts available programmed in "medium 
size" Fortran from Harry Huskey, Dept. of 
Information and Computer Science, U. of Cat. 
at Santa Cruz, Santa Cruz, California. 





This ia a non-simple picture 


conversion. 


The original 


photograph was converted into 

measured points; but these 

were in turn made into grow- 

together patterns by a 

program in the EXPLOR Language. 
Knowlton & Harmon. 


ANNO 


Wieh there were room to talk about plain 
regular audio here— mattere like "binaural" 
tecording, and Why don't they make hi-fi systems 
based on a Grand Bus (eee p-\ )? But there's 
no room here. 


AUDIO AND COMPUTERS 


People are occasionally still startled to 
hear that computere can mske sound and music. 
They can indeed. 


Firet of all, note that an incoming sound is 
a fluctuating voltage and can thus be turned into 
a data atructure, i.e., a atring of measurements. 
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To make sound by computer is the obverse. If 
the computer can be eet up to send out a string of 
measurements, these can be turned back into a fluct- 
uating voltage, and thus make sounds. 








In the easiest case, the computer can just 
setd back out the voltages it originally got in. 
This is rather ridiculous— using the computer 
just ae a recording device— but it's a clear and 
simple example. 


The question after that ie what next: how to 
have the computer make interesting etreams ‘output 
measurements, i.e., sounds and tones. & 


There are numerous methods we can't go into. 
Max Mathews, at Bell Labs, has for yeara been doing 
music by computer; hie current system ia called 
GROOVE. Heinz von Foerster, at the Univereity of 
Illinois (Urbana), has been doing the same. An- 
other lab at MIT hae just gotten a PDP-11/45 (see 
p- 42) for the same purpose. 


(The problem is: can the computer keep up 
with che output rate needed to make music in real 
time? maybe the 11/45 can.) 


Another approach is to relieve the computer 
itself from making the toni and uee other de- 
vices-- maic synthesizers— for this, controlled 
by the computer. This is essentially the approach 
taken with General Turtle's Music Box (eee p. 57 ), 
and at the Columbia-Princeton Electronic Music Cen- 
ter, where their RCA Mark II music eyotheeizer— an 
immense one-of-a-kind jobbie— is under more general 
computer control. 
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MUSICAL NOTATION 


Note that the computer handiing of msical 
notes, as symbols, is another task entirely, 
closely resembling computer text handling (mention- 
ed variouely in the book). A high-power structur- 
ed-text system or Thinkertoy (see p.fmSt5) is £ine 
for storing and presenting written meic. 


And, of course, such stored musical notation 


(a data structure) can obviously be Played b: 
the hookups mentioned. m if 
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SPEECH BY COMPUTER 


* You may have heard about various kinds of 
talking computer." This deserves eome explanation. 


Computere may be made to "talk" by various 
means. One is through an output device that 
simply stores recordings of separate 
words or syllables, which the computer selects with 
appropriate timing. (Machines of this type have been 
sold by both IBM and Cognitronice for a long time.) 


A deeper approach ia to have the computer synthe~ 
size speech from phonemes, or actually make the tones 
and noises of which speech ie composed. These are 
very tricky matters. Bell Labe, and others, have been 
working on many of theee approaches. 





The r problem, of course, is how to decide 
what to (This was discussed under Artificial 
Intelligence, p. ba Ui.) 





AUDIO ANALYSIS AND ENHANCEMENT 





The prob of analyzing audio ia very like the 
problem of analyzing pictures (see p.bm10), and indeed 
geome of the eame techniques are used. The audio goes 
into the computer as a stream of measurements, and 
the eelfeame technique of Fourier Analysis is exployed. 
This reduces the audio to a series of frequency measure- 
mente over time— but, paradoxically, loses little of 
the fidelity. 





Once audio is reduced co Fourier patterns, it can 
be reconstituted in varioue waye: changed in timing and 
picch independently, or enhanced by polishing techni- 
ques like those used in image enhancement (see p.dm10 ). 


This has been done with great success by Tom Stock- 
ham at the Univereity of Utah, who has reproceseed old 
Caruso records into improved Fidelity. In the picture 
we see him with equipment of some sort and an old record. 





University of Utah 


(Stockham hae been in the newe lately, ae one of 
the panel puzzling over the notorious 16-Minute Gap.) 


(The author has proposed the name Ritchensynct™ i 
for a eyetem to synchronize motion pictures with "wild 
sound recording by theee means.) 


BIBLIOGRAPHY 


Thomas G. Stockham, Jr., “Restoration of Old Acoustic 
Recordings by Meane of Digital Signal Processing." 
Audio Engineering Society preprint no. 831 (4), 
presented at Audio Engineering Society 1971 con- 
vention. 


Prentise H. Knowlton, "Capture and Dieplay of Keyboard 
Mueic," Datamation May '72, 56-60, Describes a 
setup he built at U. of Utah that allows pianists 
to play misic on an ordinary keyboard, and converts 
the input to symbolic representation in the com- 
puter. It uses an organ, a PDP-6 and a couple of 


CRT displays. 


Heinz von Foereter and Jamee Beauchamp, Music by Computers, 
Wiley, 1969. HAS RECORDS IN BACK. 


Some of the early Bell Labe work may be heard on an 
excellent Decca LP vith the mieleading title 
"MUSIC from MATHEMATICS." (Decca DL 79103). (The 
mathematical myth is discueeed on p. 3-9.) 
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What it boile down to is the study of clues and 
Auesaing among alternatives. Ic some cal well- 
defined clues be found for recognizing specific 
things, like parce of pictures (even straight lines 
cannot be recognized by computer without s complex 





time ot for THREE COMPUTER DREAMS: 
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__ 


These are three topics of great importance; 
of importance, unfortunately, lesa for what they 
have actually sccomplished than for the degree 
to which they have confused and Intimidated peo- 
ple who want lo understand what's going on. 
Merely to mention them can be one-upmanship. 
All three titles mean so much, 60 many different 
specific things, as to mean almost nothing when 
lumped together as a whole. All three have de- 
veloped a web of intricate technical facts (and 
sometimes theorems), but the applicability of 
these elegant findings is in all three cases a 
matter open to considerable scrutiny. 


Since each of these fields has developed 
a considerable body of technical doctrine, the 
reader might well ask: why aren't they on the 
other side of the book, the computer side? The 
answer is that they are computerman'e dreame, 
dreams of considerable Intricacy and pereua 
iveness, and we are not considering the lech- 
nicalitles here anyway, As on the other side, 
the problem Is to help you distinguish apples 
from oranges and which way is up. For more 
go elsewhere, but ! hope thia orientation will 
make sorting things out quicker for you. 





These three terme-- “artificial intelligence," 
“information retrieval,” "computer-assisled 
instruction"-- have a number of things in com- 
mon. First, the names are so portentous and 
formidable. Second, if you read or hear any- 
thing in these fields, chances are il will have 
an air of unfathomable technicality. Both strange 
technicalism and deep mathematics may combine 
to give you a sense that you can't understand 
any of it. This is wrong. The fact that there 
are obscure and Deep Teachings in each has no 
bearing on the general comprehensibility of what 
they are about. More imporlantly, the question 
of how applicable all the things these people 
have been doing ie going to be Is a question 
of considerable importance, especially when 
some of these people want to take something over. 
Don't get snowed. 


Each of these fascinating terms is actually 
a roof over a veritable zoo of different researchers, 
often of (he most eccentric and interesting sort, 
each generally with his own dream of how his 
own research will be the breakthrough for 
humanity, or for something. It would take a 
Lemuel Gulllver to to show you the colorfulness 
and fascination of these fielde; again, we just 
scratch the surface here. 


Another inleresting thing these three fields 
uave in common: the frequent use of a classical 
compulerman’s putdown on anybody who dares 
question whether their super-ultimate goals can 
ever be achieved. 


The line is, "WE DON'T KNOW HOW TO DO 
THAT YET." 


If somebody pulls it on you, the reply Is 
simply, "How do you know you ever will?" 


ONE OF THE FEW Goop 


LAYMEA|'S COMPUTER JOKES 


Ulustrating also certain problems of Artificial 
Intelligence. 

A very large artificlal-Intelligence system 
(goes the story) had been built for the mililary 
to help in long-range policy planning; financed 
by ARPA, with people from M.I.T., Stanford 
and 80 on. 


"The system is now ready to answer ques- 
tions,” eaid the spokesman for the project. 


A four-star genera) bit off the end of a 
cigar, looked whimsically at his comrades and 
said-~ 


"Ask the machine this: Will it be Peace 
or War?” 


The clerk-typist (Sp4) trenslaled thie 
Into the query language and typed it In. 


The mechine replied: 

YES 

"Yes what?" bellowed the general. 
The operator typed In the query. 
Came the answer: 


Yes SIR 
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we SOrT of 


“artificial Intelligence” ia at once the sexiest 
and most ominous term in the world. It chille and im- 
pr @ at che same time. In principle it meane the 
simulation of processes of mind, by any maans at all; 
but it generally turns out to be some form or another 
of computer eimulation (eee "Simulation," p. SB). 
Actually, “artificial intelligence” has generally be- 
come an all-inclueive term for systema that amaze, as- 
tound, ayetify, and do not operate according to prin- 
ciples which can be easily explained. In a way, “arti- 
ficial intelligence" ie an ever-receding frontier: ae 
techniques become well-worked out and undereatood, their 
appearance of intelligence, to che eophiscicated, con- 
tinually recedes. It's like the ocean: however much 
you take out of it, it still stretches on-- ae limit- 
less as before. 











Unfortunately laymen are eo impressed by computers 
in general that they easily suppose computers can do 
anything involving information. And public understand- 
ing ie not fostered by certain types of stupid demon- 
stration. One year I heard from numerous people about 
how “they'd seen ov TV about how computers write TV 
scripte"— vhat had actually been shown was a hokey en- 
actment of how the computer could randomly decide whe- 
ther the Bad Man geta shot or the Good Guy gets shot— 
both outcomes dutifully enacted by guys in cowboy out- 
fite. Duh. 


It should be perfectly obvious to anybody who's 
brushed even slightly with computers, hovever— for 
The Brush, see the other side— that they just don’t 
work like minds. But the analogy hangs around. (Ed- 
mund C. Berkeley wrote a book in the forties, I belleve, 
with the misleading title of Giant Brains, or Machi 
That Think. The idea fa still around.) 








Here's a very simple example, though. Conelder 
@ maze drawn on a piece of paper. Just by looking, ve 
cannot eimultaneously comprehend all its pathvays; ve 
have to poke around on ic to figure out the solution. 
Computere are sort of like that, but more eo. While our 
eyes can take in a simple picture, like a equare, at 
once, the computer program must poke around in ita data 
representation at length to see what ve saw at once. 





The principle holde true in general. The human 
mind can do in a flash, all at once (or “in parallel") 
many thinge that must be tediously checked and tried 
by the highly sequential computer program. And the 
more ve know about couputere, the more impressive the 
human brain becomes. (The seeming cleverness of soue 
simple programs does not prove the simplicity of the 
phenomena being imitated.) 


Nevertheless, it is interesting to try things 
vith computers thet are gore like what the mind does; 
and that ie mostly what artificial intelligence is 
about. 


In various cases thie hae resulted in helpful 
tricka that turn out to be ueeful elsewhere in the 
computer field. In thie sense, artificial intelligence 
is sort of like menthol: a, little may improve things 
here and there. But (in my opinion), that does not 
mean a whole lot of it would make thinge better «rill. 


Neverthelese, sone artificial-intelligence en- 
thusiasts think there ie no limit on what machines can 
do. They point out that, after all, the brain is « 
machine. But so ie the universe, preeumably; and 
we're never going to build one of those, either. 


PATTERN RECOGNITION 


Thia ie one of the most active areas in arti- 
ficial intelligence, perhaps because: of Defense 
Department money. (It might be nice, goee the 
reasoning, to have guns that could recognize tanke, 
machines that could look over serial reconnaissance 
pictures, radara that could recognize mieeiles 
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HEURISTICS — 
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Program) or like handvriting (see below). In the 
Vorse cases, though, careful study only raieee the 
most horrendous technical problems, and the pursuit 
of these technical problems ie ite own Field of 
study (articles have titles like "Senaitivity Para- 
Getera fn the Adjustment of Discriminetore,” meaning 
Te Sure Ie Hard to Draw The Line). 





But in some felicitous cases, researchers ac- 
tually boi] a recognition problem down to a manage- 
able eyatem of clues. For instance, take the prob- 
lem of written input to computere. (Some people 
don't like to type and vould rather write by hand 
on special input tablete.) Buc how can a progran 
Tecognize the lettere? Aha: the answer, kids, is 
in your text. 


The Ledeen Character Recognizer (described in 
detail in Newman and Sproull, Principles of Inter- 
active Computer Graphics, Appendix os @ method 
by which @ program can look ac a hand-drawn charac— 
ter and try to recognize it. The program extracts 
@ sertes of "properciee" for the character and 
scores them in an array. Every character in a given 
pereon‘e block lettering will tend to have certain 
Property scores. But the Ledeen recognizer met 
etill be trained, that fa, the ave! property 
acores of the letters that each individual drave 
must be put ioto the system before that individugl's 
lettering can be recognized. Even then it's a ques 
tion of probability, rather than certainty, that 
@ given character will be recognized. 


eee 


COMPUTERS DON'T ACTURLCY THINK. 
You Jurr THINK THEY THINK, 
(We Think.) 


—\_— 


(pronounced hewAIStice) 








HEURISTICS 


If ve want to make computer do what ve know 
perfectly well how to do ourselves, then all we do 
ie write a program. 


Aha. But what if we vant a computer to do 
eomething we do not know how to do ourselves? 


We must set up ite program to browse, and search, 
and seize on what turns out to work. 


This is called heurietica. 


What it amounts to basically is techniques for 
trying things out, checking the results, and continu- 
ing to do more and more of what seema to vork. 


Or we could phrase it thie way: looking for 
successful atrategies in whatever area we're dealing 
with. As a heurietic program tries thinge out, it 
keepe various scores of how well it's doing— a sort of 
self-congratulation-- and makee adjuetment4 in favor 
of what worke bear. 





Thus the Greenblatt Chees Program, mentioned un- 
der "Chess," nearby, can "invent" chees strategias 
and “try them out"— what it actually does ig te 
specific patterns of movee for the overall goodness 
of their results (in terms of the ueual positional 
advantages in chess), and discard the strategies chat 
don’ t get anywhere. It does this by camparing ita 

“atrategies" (possible move patterns) against the 
records of cheese matches vhich are fad into it. 








(If you've read the other side of che book, 
heuristics may be thought of as a form of operations 
tesearch (p. S$) carried on by the computer itself.) 


In some vaye heuristice 18 the moet magical area 
of arelficial intelligence: {t: eaulta are the most 
impressive to laymen. But, like eo many of the comput- 
er magice, it bolle down to technicalities which lose 
the romance to a certain extent. 
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NEURAL SIMULATION 


An important branch of Artificial Intelligence ie 
concerned with what bunches of imaginary neurone could 
do, even nevrons chat we msde up to follow particular 
Tules. This area of study is somevhere between neurol- 
ogy and mathematica; mich of it fe concerned with the 
mathematice of imaginary setups, rather than the Proper- 
ties of actual nerve-ne studied by psychologists, 
and others. (The hypothetical etudies, 
of course, alert researchers to complex configurations 
and poseibilicies chat may turn out to oceur in reality, 
ae well as being interesting for their own sake— and 


concetvably as useful ways of organteing th: be 
buile.) ” praca 





However, an earlier ayth, that you could simulate 
Revrons till you got a person, is about dead. 


STIMULATION OF THOUGHT-PROCESSES 


Nobody talks anymore about simlating artifictsl 
bratns; there's too mich to it, and it involves dirty 
approximations. 


However, a cleaner area is in the simulation of 
thought: creating computer programs that mimic man's 
mental processes as he dopea through various problems. 
Trying things out, deducing thoughts from what'e al 
ready known, following through the consequences of 
guesses— ti all be done by programs chat “cry 
to figure out" answers to problems like The Cannibal 
and The Missionary, or whatever. 















AUTOMATA 


“Automata”, ag the term ia 1d in this field, 
ie just a fancy word for imaginary critters, parti- 
cularly Little thingies that behave in exact vaye. 
(The Game of Life, see p. 18, is an automaton in 
thie sense.) 





SELF-ORGANIZING SYSTEMS, SELP-REPRODUCING SYSTEMS 
AND SO PORTH ’ 


These ace terme for imaginary objecte, having 
exactly defined mathematical properti: about which 
varioue abstract things can be ran that tend to be 
of incereet only co mathematicians. 








SPEECH 
1. SENTENCE GENERATION 


The problem of computers speaking human languagese— 
Bot to be confused with computer languages, pp- 15-25 and 
eloewhere-- 19 incredibly complicated. Just because litrle 
human tykee start doing it effortlessly, it is ey to sup- 
pose that it’s a basically easy problem. 








No vay, 


Only eince the mid-fifties has human language begun 

to be underetood. That was when Noam Chomsky discovered the 
daner etructure of human languag namely, chat the long 

(and complex) 
out of certain exact operations. Previous linguier: 
Sought to claseify che sentence structures themselves; this 
led to complexit which Chomsky discovered were unneces— 

















fary. Ic ie unnecessary to catalog sentence types them- 
selves ‘if ve can simply ieolate, instead, the exact procese- 
ee by which they are generated. 










8 are created frou 
which are then 








certain elementary piec 
cheved by traneformations into | 
final uccerancea. Exemplee of kernele: The man livee in the 
house, Tha house 1e white. Result of combining traneforma- 
tion: The man lives in the white ho L go. 

Reeult of past-tense transformation: 








The most important finding, now, is that the tranefor- 
mations are carried out in lerly sequences: any sentences 
can have more transformations carried out on it, all adher- 
ing to the basic rules, resulting in the aost complex sen- 
tences of any languag 





Linguiete since then have confirmed Chomsky's coo- 
jecture, and proceeded to work out the fundamental crans- 
formations of major languages, including Englieh. 


Now, one result of a1] this ie that it turne out to 
be easier to generate 
derstand them. Why? fe comparatively easy to 
Program computers to apply transformations to kernele, 
BUT very hard take apart the result. A complex “sur— 
face structure” may have numerous possible kernels-- does 
“Time Flies like an arrow” have the seme structure as 
“Susie efogs like a bird" or “Fruit flies like an orange?" 











Result: to program « computer ¢: erate epeech— 
that ie, invent sentences about a date structure and type 
them out— ie comparatively easy, but to have it recognize 
atences, and bresk them up into their kernel 
de not. 








We may think of a langusge-generating computer eys- 
tem a6 follows: 
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STRUCTURE 


2. SENTENCE RECOGNITION 


Chomsky and others have discovered that sete of trans- 
formation rules (or grammars, praiee be) vary considerably. 
It is possible to invent langusges whose surfece structures 
are easy to take apsrt, or euch languages are called 
context-free languages. (Most computer languages, see other 
Bide, are of this type.) Unfortunstely natural languages, 
like English end French and Neveho, ate not context-fr. 
It turns out that the buman brain can pick epart langusge 
structures because it's eo good at making sensible quesses 
es to what 15 meapt— and if there ie one thing hard to 
program for computers, it is sensible ing. 
(But see “Heurietics,” nearby. 














‘This means that Co creste cowputer syetems which will 
take resl sentences apart into their meaninge ia quite 
difficult. We can't get into the various strategies here; 
but most researchers cut the problem down in one way or 


other. 
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“How queer!" 


think that is all A i the Yellow ben, 


le, my dear?” 
5s 


“Do you 


Oz 


«I don’t know,” answered Dorothy, who had 
more to read. “Listen to this, Billina:” 


Ozma ~of 





DIRECTIONS FOR USING: 


For THINKING:—Wind the Clock-work Man under his 
left arm, (marked No. 1.) 


For SPEAKING:—Wind the Clock-work Man under his 


right arm, (marked No. 2,) 


For WALKING and ACTION:—Wind Clock-work in the 
middle of his back, (marked No. 3.) 
Wh B— Tinie Mechaniees le guarnnored to wort purterdy for a thoumnd yearn, 





“Well, I declarel" gasped the yellow hen, in 
amazement, “if the copper man can do half of these 
things he is a very wonderful machine. But I suppose 
it isall humbug, like so many other patented articles.” 

“We might wind him up," suggested Dorothy, 
“and sce what he'll do.” 


GOKDON PASK: 


Gordon Pask is one of the maddest mad 
scientists I have ever met, and also one of 
the nicest. An cloquent English leprechaun 
who dresses the Edwardian dandy, Pask sows 
awe wherever he goes. A Former doctor and 
theatrical producer, Pask is one of the great 
international fast-talkers, conference-hopping 
round the globe from Utah to Washington to 
his project at the Brooklyn Children's Museun. 
This spring, 1974, he has been at the Univer- 
sity of Illinois at Chicago Circle, but soon 
he goes back to England and his labdratory. 


In a field full of brilliant eccentrics, 
Pask has no difficulty standing out. 





Pask is one of the Artificial Intelli- 
gencers who is working on teaching by compu- 
ter, about which more will be said; but the 
original core of his interese is perhaps the 
process of conceptualization and abstraction. 


Pask has done a good deal on the mathe- 
matics of self-contemplating systems, that is, 
symbolic representations of what it means for 
@ creature (or entity omega) to look at things, 
see that they are aliké, and divine abstract 
conceptions of them. A crowning moment is 
when Omega beholds itself and recognizes the 
continuity and selfhood. (Pask says several 
others-- scholars from Argentina, Russia and 
elsewhere-- have hit on the same formulation.) 





Models and abstraction, then, are what we 
may call the first half of Pask's work. 


Gordon Pask will be continued on p. §hY7~ 


3. SPEECH OUTPUT AS SOUND 

a... It i@ possible in principle to set up computers to 
talk" by converting the language surface atructures that 
their programs come up with into actual sound. See 
“audio,” p. DM LL. 


4. SPEECH INPUT TO COMPUTERS BY ACTUAL SOUND 


So far we have been talking about the computer's mani- 
pulation of language as an alphabetical coding or similar 
Tepresentation. To actually talk at a computer is another 
ketcle of fish. This meane breaking down the sound into 
phonemes and rhen breaking it into a data structure which 
can be treated with che rules of gragma: whole nother 
difficult etep. 








A feu attempts bave been made to market devices which 
would recognize limited speech and convert it to syabole to 
go into the computer. One of them, which supposedly cao 
distinguish among thirty or forty different spoken vord: 
1s supposedly still on the market. Specific users have to 
“train” it to the particulare of their voices. 





I repeatedly hear rumors of “dictation machines" 
nes" which 
‘(ll type what you say to them. If such chioge exist I have 
been unable cto coufire it. 


(Everybody says that of course what ve vant 1 
able to commmnicate with computers by speech. Spesksage 
peraonally, I certainly don't. Explaining my punctuation 
to human secretaries is hard enough, let alone trying to 
tell it to @ computer, when it's @asy enough to type it in.) 





S- ALL TOGETHER NOW 


The complexity of the problem should by now be clear. 


ComPere “HAUG ComPuTER” (imgl:fied) 
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CYBERNETICS 


Gordon Pask calls his field Cybernetics. 
The term "cybernetics" is heard a lot, and is 
one of those terms which, in the main, mankind 
would be better off without; although after 
talking to Pask I get the ise that there may 
be something to it after all. 


& Jurft 7? 








The term "cybernetics" was coined by Nor- 
bert Wiener, the famously absent-minded math- 
ematician who (according to legend) often 
failed to recognize his own children.’ Wiener 
did pioneering work in a number of areas, A 
special concern of his was the study of thing: 
which are kept in control by corrective 
ures, or, aS he called it, Feedback. The term 
"cybernetics" he made out oF a Creek word 
for steersman, applying it to all processes 
which involve corrective control. It turns 
out that almost everything involves corrective 
control, so the term “cybernetics” spreads out 
as far and as thinly as you could possibly want 
(The public is under the general impression 
that "cybernetics" refers to c uters, and 
the computer people should be called “cyber- 
neticians." There seems to be nothing that 
can be done about this. See "cybercrud,” 

. . This is an even worse term meaning 
“steering people into crud," specifically, 
putting things over on people using computers.) 








Properly, the core of “cybernetics' seems 
to deal with control linkages, whether in 
automobiles, Cockroaches or computers. How- 
ever, people like Pask, von Foerster, Ashby 
(and so on) appear to extend the concept gen- 
erally to the study of forms of behavior and 
adaptation considered in the abstract. The 
validity and fascination of this work, of 
course, is quite unrelated to what you call it. 





THE TURING MACHINE 


Is the most classical abstract Automaton. 

A Turing Machine, naned after its discoverer, 
Ts a hypothetical device which has an Infin- 
tte recording tape that It can mmve back and 
forth, and the ability co make decisions de- 
pending on what's written there. 


Turlng proceeded to polnt out that no d 
matter how fast you go step-by-step, you can't 
er outrun certain restrictions bullt Into 
1 sequential! proce: represented by 
the Turlng Machine. s lays heavy Ilelte 
on what om eee be dons ate: by rarer ey 
computer. (It means we have to 
non-step-bystep methods, which much of 
Aretficlal Intelligence Is about.) 
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DO WE WANT TALKING SYSTEMS? 


T had one quite irritating experience with a 
conversational’ system, that is, couputer program 
that vas supposed to talk back to me. I vae sup- 
posed to type co ic in Englieh and it was supposedly 
going to type back to me in English. I found the ex- 
perience choroughly irritating. My aide of the con- 
Yereation, which I sincerely tried to keep simple, 
produced repeated apologies and confusion from the 
Program. The guy who'd created the program kept ex- 
plaining that the program would be Lmproved, so 
that eventually ic could haadle responses like wine. 
My reaction was, and is, Who needa it? 











Many people in the computer field seem to think 
we vant to be able to talk to computers and have them 
talk back co us. This is by 00 means a settled matter. 





Talking programe are complicated and require a 
lot of space in the machine, and (more importantly) 
require a lot of time by programmere who could achieve 
(I chink) more in leas time by other means. Moreover, 
talking programs produce an irritating strategical 
paradox. In dealing with buman beings, we know what 
ve dealing with, and can adjust what we eay accord- 
fogly; there ie no way to except by a lot of ex- 
perimenting, what the principles are ineide  particu- 
lar talking program; eo that trying to adjust to it 
is a strain and ao irritation. (Compare: talking to 4 
ptranger who may or may not tura out to be your new bi 
Now, some programmers keep saying that eventually they'l) 
have Lt acting just ae emart a real pergon, #0 we needn't 
adjuet; but that's ridiculous. We alvaye adjust to real 
people. In other words, the human discomfort and irrita- 
tion of payching the system out can never be eliminated. 


Furthermore, on today’s sequential equipment and 
with feasible budgets, 1 pereonally think the Likelihood 
of waking programs that are really general talkere ia a 
foolish goal. There are many 6imp: waye of telling 
computer systems what you want to tell thea— light p 
choice, for example. 
































Moreaver, having to type in whole English phr 
can be irritating. (We can't even get into the problem 
of having the computer pick apart the audio if you calk 
ie in.) 





Thies ia not to eay understandably tricted talking 
syotens are bad. If you know and understand the sorts of 
reaponse the eystem makes to what kinds of thing, then an 
Englieb-like respor is really @ clear aeasage. For in- 
stance, the JOSS system (the first Quickie langusge—- 
see p. 15) had an eloquent meseage: 











eh? 





does not 
But it 
almost 


which actually meant, What you have just 
fit the rules of acceptable input for thie sy 
wos ohort, it wae quick, it was eimple, and 
polite. 














Similerly, talking systess that use an exact vocabu- 
lary, whose limita and abilities are known to the person, 
are okay. (Winograd, see Bibliography, hae a nice example 
of telling a computer to stack blocks, vhere the ayatem 
knows vords like between, on, above and ao on.) Where 
thie ie understood by the human, it can be a genuine con- 
venience rather than a spurious one. 





(The problem of rudeness in computer dialogue has not 
been much discussed. This fe partly because many progran- 
mers are not fully aware of ic, or, indeed, some sre so 
skilled in certealo subtle forms of rudeness they vouldn'r 
even know they veren't acceptable. The result is that cer 
tain type of putdown, poke, petemptorinese and importunacy 
can find their vay into computer dialogue ail too easily. 
Or,co put it another way: nobody like to be talked back to. 
C£. Those stupid green THANK YOU lighte on automatic toll 
booths.) 





Now, thie ie not to say that research in these areas 
ie wrong, or even tl irchere’ hopes of some break- 
chrough in talking-esystems ia misguided. I am saying, 
basically, that talking systema cannot be teken for grant- 
ed ae the proper goal in computers to be used by people; 
that the problema of rudeness, and Irritating the human 
ueer, are far greater than many of these researchers cup- 
pose; and thac there may be alternatives to thie potential- 
ly eternal leprechaun-chasing- 











If like the author you are bemused by the great 
difficulty of getting along with human beings, then the 
creation of extraneous beinge of impenetrable character 
with vaguely human qualities can only alerm you, and 
the prospect of these additional crypto-entities which 
muat be fended and placeted, claving at ua from their 
niches at every turn, 1e both distasteful and alarming. 





Artificial Intalligence enthusiasts unfortunately 
tend to have a magiclan's outlook: to make clear how 
their things work would spoil the show. 





Thue, for a rather peculiar art show held at New 
York's Jewish Museum in 1970, @ group fram MIT built a 
large device that stacked blocke under control of a 
minicomputer (Interdata brand). Now, the fact that it 
could stack and re-stack blocks with just a minicomputer 
was really quite an accomplishment, but thie was not 
explained. 


Instead, the block-etacking mechanism vas enclosed 
dn a legge glass pen, in which numerous gerbils-- hoppy 
little rodents-- were free to wander about. When a ger- 
bil saw that a block was about to be stacked on him, he 
would eanslbly move. 








Now, it Le fairly humorous, and not cruel, to put 
gerblle into a block-stacking machina. But this was 
offered to the public as a device partaking of a far more 
global misalon, the experimental interaction of living 
creatures and a dynamic self-improving environment, 

blah blah blah. 








Passereby were aved. "Why are those animals in 
there?” one would say, and the more informed one would 
usually say, “It's same kind of scientific experiment.” 





Well, this is a twilight area, between eclence and 
vhimeical hokum, but one cannot help wishing simple and 
humorous things could be presented with thelr eimplicity 
and humor laid bare. 


1 remember watching one-gerbli vho stood motionl 
on hia little kangaroo matchstick lega, watching the Great 
Grappler rearranging hie world. Gerbils are scmewhat in- 
scrutabla, but I had a eense that he wae vorshiping lt. 

He did not move until the block started caming down on top 
of him. 








I take this as an allegory. 


CAN A COMPUTER PLAY CHESS? 


‘The real question is, can a set of procedures 
play chees? Because that's what the computer pro- 
gram really does, enact « set of procedures. 


And the ansver ie yes, fairly vell. 


Wow, a chess progres 1e not something you jot 
down on the back of an eavelope one afternoon. It's 
ueually an immense, convoluted thing that people have 
worked on for years. (Although I vaguely recall that 
second place in che 1870 inter-computer chees contest 
was von by a program that occupied only 2000 locationa 
in a 16-bit minicomputer— in other words, a compact 
and tricky sneaker.) 


Now, eimple games (like tic-tac-toe and Nim and 
even Cubic) can be vorked out ell the way: all alter- 
natives can be examined by the program and the best 
one found. Not ao with chese. 


Cheas basically involves, because of ite very 
many possibilities, a “combinatorial explosion" of 
altervatives (see p. 45): that fa, to look at “all” 
the possibilities of a midgame would take forever 

(perhaps literally— the Turing problem), and thue 
means met be found for discarding some poseibiliri: 





The structure of branching possibilities io a 
ea p- 26); 80 that methods of “pruning” the 
tree curn out to be crucial. 





Basically there are two approaches to the design 
of chass programs. In one approach, the programmers 
look for specific threats and opportunities in the a 
data structure representing the board, and try to find 
good strategies for selecting good moves on the basis 
of them. This Ls the approach taken in COKO, the 
“Cooper-Koz"chees program. The programere selectively 
cope with individual problems and strategies as they 
turn out to be necessary. (This means that it is 
likely co have specific Achillea’ heele; which, of 
course, the authors of the program keep trying to re~ 
pair by adding specific corrections.) 











A different approach ie taken by the Greenblatt 
program. Thi ie basically a big Heuristic prog: 
ram. It “learns” beet strategies in chess by “watching’ 
the game. That ie, your pour historical chese matches 
through it, and it tries out strategies-- making various 
tentative rulea about what kinds of moves are good, then 
scoring these moves according to the resulte of asking 
them— as seen in positional advantages that resulted in 


actually championship play. 














Obviously this ie a field lo itself. You won't get 
grante for it, but to those who really care about both 
chess and computers, it's the only thing to be doing. 





FRANKENSTEIN MEETS CYBERCRUD 


Fred Brooke, the keynote epeaker at the IEEE com- 
puter conference in Fall 74, seems to have eaid that 
HAL 9000 (the unctuous, treitorous Presence in the 
movie 2001) was the way computers should be. (Computer 
Decisions, Apr 74, 4.) 





I find it hard to believe that anybody could think 
that. Nevertheless, there are those artificial-intelli- 
gence freake whose view it ie that the purpose of all 
this Le eventually (a) to create servants that vill read 
our minds and do our bidding, (b) servants who will take 
thinga over and will implement human moraliry, regardless 
of our bidding (though we humans are ce frail to do so-- 
as in Asimov's I, Robot); ot even (c) create masters who 
will take everything over aud run everything according co 
their ovn principles and the hell with us. (I met a man 
In a bar, after an ACM meeting, vho claimed to believe 
this vas the purpose of it all: to create the master race 
that vould replace us. 








According to Arthur C. Clarke's retroactive novel 


200 A Space Odyssey (Signet, 1968, 95¢), the HAL 9000 
Computer series began as follows: — ? 





"In the 1980s, Minsky and Good had shown how neural 
networks could be generated automatically-- seif- 
.Feplicated-- in accordance with any arbitrary 
learning pattern. Artificial brains could be grown 
by a process strikingly analogous to the development 
of the human brain." (P. 96.) 





I don’t know who Good is, but these are among the lines 
Minsky has been working along for years, so I hope he's 
encouraged by the news of what he’s going to accomplish. 


Anyhow, so okay they grow the IAL 9000 in a tank. 
Then how come in the Death-of-Hal scene we see Keir Dullea 
bobbing around loosening circuit cards, just as if it 
were a plain old 1978 computer? 


Possible answer #1. [t is rumored that Clarke's 
retro-novel was Clarke's rebuttal to Kubrick's final film. 


Possible answer #2. HAL's tanks of neural glop are 
controlled by PDP-1lls, one to a card. 


(OF course, if you take the letters after H, A and L 
in the alphabet, you get I, B and M. 





DEUS EX MACHINA 


Obviously much beliefs are outeide the r 
acience or engineering. They beloag to pur 
and while various mechaniems have in face been programmed 
to croak, stagger, stack blocks, compose sentences and eo 
on, to euppose that we are in any real eense anyubere near 
mimicking human intelligence, let alone surpassing and 
Gupersading it, is aither to be totally fooled or to havker 
after some curious dream from ineide yourself. 








on the other side of the book, everybody in 
computers hae deeper sotivations and interior cwiste that 
form hie own special ties co these machines; and vhen it 
comes to our choicee of fantasy machines, obviously an even 
deeper level of payehic imprint 18 projecting itself into 
che vorld. 


»+-EX MENSA 


People whe fantasize about wondrous creatures and deities they 
want to make out of the computer obviously have something 10- 
teresting in their ovn heads from which thet comes. Perbaps 
it comes frow a desire for isaginary playmates, or an ambi- 
valence tovard authority, or goodnese knows what; there are 80 
aany odd people at different ende of Artificial Intelligence 
that there may be @ lot of differeat psychological eyetems 

at work. Or maybe artificial intelligence is just where the 
most brilliant, determined and eccentric dreamers go. Anyway, 
I can only aak the question, not give the ansver. 





So maybe those are 1130s.) 


THE THREE LAWS OF ROBOTICS 


1-- A robot may not injure a human being, or, 
through inection, allow e human being to come 
to harm. 


1-- A robot must obey the ordera given It by 
human belngs except where such orders would 
confilct with the First Law. 


3-- A robot must protect ils own existence as 
long a8 such protection does not conflict with 
the First or Second Law. 





-> Handbook of Robotica, 
56th Edition, 2058 A.D., 
quoted in !, Asimov, 





Robot. 


Srehnes All v3 Need uA Syaprtletee Fe pe 


ELIZA WILL 


SEE YOU Not 


(What the ELIZA program types, we represent ao al) caps, 
what the person types ie not.) 


PLEASE TELL ME YOUR PROBLEM. 
IT am feeling depressed. 
HOW LONG HAVE YOU BEEN PEELING DEPRESSED? 
Ever since my mother left. 
TELL ME MORE ABOUT YOUR PAMILY. 
My father is very etrict. 
PLEASE GO ON. 
Last night I dreamt he spanked me. 
WHAT WOULD IT MEAN TO YOU IF HE SPANKED YOU? 
Didn't you ever get spanked? 
We WERE DISCUSSING YOU, NOT ME. 
You're just a dumb machine amyway. 
DO COMPUTERS PRIGHTEN YOU? 
(quoted in Winograd, 74-5) 


The fascinating thing about the ELIZA program is 
that it seems so like a real pereon— that ie, a psycho- 
analyst of the nondirective, Carl Rogere school. 


But all lt ie de a bag of tricks. 


Tt has a lot of canned phrases Lt can throw out, 
like PLEASE TELL ME YOUR PROBLEM. 


Then it spots certain types of sentences and turns 
them around. If the parson types a sentence beginning with 
"I am...", the ELIZA program turne lt around with HOW LONG 
HAVE YOUR BEEN... ? 





And it looka for specific words which indicate a sen- 
tence can be turned around for a convincing result. Por in- 
stance, Lf the person uses the word “everyone,” the program 
slmply replies, WHO IN PARTICULAR CAN YOU THINK OP? 





And certaln highly-charged words are signals to throw In 
a zinger, regardless of what the user may have said. For in- 
tance, Lf the person uses the vord “mother,” the machine 
replies: 





TELL ME ABOUT YOUR FAMILY. 


Now, do not be fooled. Thare Is no Ghost In the 
Machine. The program does not “understand” the user. 
THE PROGRAM IS MERELY ACTING OUT THE BAG OF TRICKS THAT 
JOE WEIZENBADM THOUGHT UP. Credit where credit is dua: 
not to The Computer's Omniscience, but to Weirenbaun's 
cleverness. 





(Look at the above sample dialogue and 
quese what tricks the program was using.) 





if you 
The thing is, many people refuse to believe that it's 
@ program. Even when the program's tricks are explained. 


And even soma who underetand ELIZA like to call it up 
from their terminale for companionship, now and then. 
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1 have strong hunches about the inner work- 
Inge of men who get millions of dollare from the 
Department of Defense and then say In private 
that really they're going to use It to create a 
machine so Intelligent it can play with their chil- 
dren. (Nol to name names or anything.) An 
obvious question is, do they play with thelr 
children? No, they play with computers. 


But the polnt here is not to hassle the 
dreamers, Juet to sort out the dreame and pul 
them on hangers 60 you can try them on, and 
maybe choose an ensemble for yourself. 
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INFORMATION RETRIEVAL 


“Information Retrieval" is oue of those terms 
that laywen throw around as if it were a manhole 
cover. It aounda as though it means go much, eo very? 
mich. And eo you actually hear people say thinge like: 
"But that would iM... (pregnant pause) ... Informa— 
tion Retrieva: Similarly, some of the hokey new 
copyright notices you see in booke from With-It publish- 
ers imtone chat said books way not be "placejin any in- 
formation retrieval eyaten..." I take this to mean 
Chet the publishers are forbidding you to put the book 
on « bookshelf, because “information retrieval” simply 
means any vay at all of getting back information from 
anything. A bookshelf, since it allows you to read the 
spines of the books, ie indeed an Information Retrieval 
Systen. 




















It happens, incidentally, chat the phrase “inforas- 
tion retrieval" was coined in the forties by Calvin Mooere, 
daventor of TRAC'™ Language (: pp. 16-21). (If Wiener 
bad coined it be wight ha ed it Getback. If Diebold 
had coined it it might have been Thoughtomation. ) 





Anyhow, numerous entirely differenc things go on in 
the field, all under the name of Informacion Retrieval. 
Here are some. 








1. Non-computer retrieval. (Sae Becker and Hayes, 
Automatic Information Retr: +) These thing a kind 
oF ol hioned fun— carde with holes punched along the 
edge, for inetance,that you sort with knitting needles, 

or the more recent ayetems with holee drilled in plaetic 
cards. Trouble is, of course, that computers are becoming 
much more convenient and even leas expensive than these, 
counting your own time as being worth something. 








2. Document Retrieval. This basically ie an approach 
that glorifies the old library card file, except now the 
etuff ie stored in computers rather than on carde. But 
vhat'a stored f@ still the name of the document, who wrote 
it, vhere ft was published and so oo. Obviously helpful 
to librarians, but scarcely exeiting. 


3. Automatic document indexing. Some organizations 
find it helpful to have a computer try to figure out vhat 
a book ie about, rather than have a pereon look at it and 
check. (I don't see vhy this saves anything, but there you 
are.) Anyway, the text of the document (or selected parte) 
are poured through 4 computer program that select for in- 
ance, keywords, that ie, the most important vorde in it, 
or rather vords the program thinks are moot important. Then 
these keywords can go on the headings of Library file cards, 
or whatever. 











There are various related systens by vhich people 
etudy, for instance, the citations between articles, but 
we won'e get inco that. 





4. Content retrieval. Now we're getting to the sexy 
stuff. A eyetem for content retrieval is one that somehow 


stores information in a computer and lets you get it back 
out. 


The trick on both counte is of course how. 


Well, ae we said on the other side of the book, any 
information etored in a computer hag a d 
which aimply means whatever arrangement of alphabetical 
characters, numbere and epecial codes the computer happens 
to be saving. 





In a content-retrieval aysten, information on some 
subject ie somehow jammed into a data structure— possibly 
even by human codere-—— and then set up so people can get 
it back out again in some vay. Lot of possibilities here, 
get it? 
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In the most etartling of these systems, the QAS, or 
"Queation-Ansvering System," soma sort of dialogue program 
(eee "Artificiel Intelligence,” nearby) tries to give you 
ansvers about the data structure. But this means there 
have to be @ whole lot of programs: 


Cts Byes 
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These eystema can be quite startling in the-way 
they seem to underatand you (see Licklider book; also 


Winograd piece under Artificial Intelligence). But they 
don't understand you. They are juat poor dumb programs. 


Many people (including Licklider) seem to see in 
,Queacion-Answering-Syetems the vave of the future. 
Othars, like this author, are skeptical. It's one thing 
to have a syetem that can deduce that Green's House is 
Weat of Red'a Rouse from a bunch of input sentences on 
the subject, but the question of how mich these can be 
improved is in eome doubt. A ayetem that can ansver the 
question, "What did Hegel say about determinisa?" ie 
goma vaye avay, to put it mildly. 

















All these things 
are very technical. 


The reader 
must decide 
for himself 
which, 

if any, 

are misguided. 


Then there is the matter of consistency. The Teally 
Anteresting subjects are the ones where different authors 
claim opposing facts to support opposite conclusions. 

In other vords, there is inconsietency within the content 
of the field. In this case such systems are going to have 
a problem. (See "Rasho-Mon Principle" under "Tissue of 
Thought,” — pp.d4 16-17, 


Another fundamental point is thie. It may be easy 
enough to program a system to anever the queetion, 


WHAT TIME DOES THE WENT PLANE LEAVE FOR LAGUARDIA? 


a 
bue 4t {6 « lot etmpler tovdieplay schedules your eye can 
run down, or allow you to go look at some kind of graphic 
display. 


Speaking personally, I don't like talking to machines 
and I don"t like their talking beck to me. I'm not saying 
you have to agree, I'm just telling you you're allowed to 
feel that vay. 


5. Screen summarie These systems let you sit at 
4 computer display screen and read summaries of various 
things, as vell as run through them with various programs 
to look for keywords. (The New York Times now offere such 
8 system, costing over a thousand dollars a month to sub- 
acribere.) 











6. “Full-text systems." These sre systems that 
one way or another allow you to read all the text of 
something from a computer display screen. There are 
those of us who aee these as the wave of the future, ye 
bute many othera are perfectly outraged at the thought. 
(Hypertext aystems, now, are setupe that allow you to 
read interconnected texta from computer display screene. 
See pps V¥-7.) 





This has been brief and has skipped a lot. 
ae you see, IR ig no one thing. 


Anyway, 
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lt ts @ trulsm that Hendel's theories of 
genetics got "lost" after publication To 
1865, to be rediscovered in 1900. “If 
only there had been proper Information 
retrleval under the right categories,' 
people often say. Recent studies indi- 
cate that the publication contalning 
Mendel’s paper reached, or got nearly to, 
“practically all prominent blologists of 
the mid-nineteenth century." (Sclenti fle 
American, July 68, 55.) 


| take this as suggesting that the prob- 
lem Isn‘t categorical retrieval at all. 
It's multi-connected availability (see 


“hypertext,” pe d* 14-7. 


par 


CoMPUTERASTISTED INSTRUCTION 


Like Artificial Intelligence and Information Ret- 
Tieval, Computer-Asefeted Instruction sounds like somz- 
thing exact and impressive but is in fact a scattering of 
techniques tied together only nominally by a general idea. 


The real name for it should be Automated Dialogue 
Teaching. That vould immediately allow you to ask, ahould 
computer teaching use dialogues? But they don’t want you 
to ask chat. 


In the claseic formation of the early sixties, there 
were going to be three levele of CAL: "drill-and-practice" 
systems, much like teaching machines, that eimply helped 
students practice varioua skilla; a aiddle level (often 
itself called, confusingly, “computer-aesisted instruction"); 
and a third level, the Socratic aystea, which vould supposedly 
be Ideal. Students etudying on Socratic systems would be 
eloquently and thoughtfully fostructed and corrected by a 
perfect being in the machine. "We don't know how to do that 
yet," the people keep saying. Yet, indeed. 











(My personal view on thie subject, expressed in an article 
(following) is thac Computer-Aseisted Instruction in many 
waya extends the worst features of education ae ve now know it 
into the nev realm of presentation by computer. 





DOES THE NAME PAVLOY 
RING A BeLt? 


This Is a true story. (The detalls are approx- 
imate.) (t may provide certaln Insights. 


An Assistant Commissioner of Education was 
belng shown a CAl system by representatlves of a 
large and well-known computer company. 


One one side of the Commissioner stood a sales- 
man, who wanted him to be Impressed. On the other 
side stood one Or. S., who knew how the system 
worked. 


The terminal, demonstrating a history program 
that had hurriedly been put together, typed: WHO 
CAPTURED FORT TICONDEROGA? 


“Can | type anything?" asked the Assistant 
Comm! ss toner. 


“Sure, said the salesman, ignoring the Frantle 
head-shakIng of Dr. S. 


The Assistant Commlssioner typed: Gypsy Rose 
Lee. 


The machine replied: 


NO, BUT YOU'RE CLOSE. HE CAPTURED QUEBEC A 


SHORT TIME LATER. 


The Assistant Commissioner evidently enlivened 
many a luncheon with that one, and Computer-Assisted 
Instruction was effectively dead for the rest of the 
administration. 
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ras pous. 


ANOTHER ANECDOTE 


Some of us have been saying for a long time 
that learning fram computers ought to be 
under control of the student. 


One group (never mind who) has taken hold 
of thie idea and gotten a lot of funding 
for it under the name of STUDENT CONTROL. 
Thies group talke as if it were eome kind of 
scientific breakthrough. 


A ftiend of mine suggests, however, that 
this phrase may have brought the funding 
because administrators thought 1t meant 
control of the etudent. 
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(The following article appeared in the September, 1970 issue of Computer Decisions, 
and got an extraordinary amount of attention. I have changed my views somewhat-- 
we all go through changes, after all-- but after consideration have decided to re-run 
it in the original form, without qualifications, mollifications or anything, for its unity. 
Thanks to Computer Decisions for use of the artwork by Gans and for the Superstudent 
picture on the cover, whose artist unfortunately insists on preserving his anonymity. 


by Theodor H. Nelson 
The Nelson Organization 
New York 

Some think the educational system is basically 
all right, and more resources would get it workin 
again. Schools would do things the same way, 
cept more so, and things would get better. 

In that case the obvious question would be, how 
‘can computers help? How can computers usefully 
supplement and extend the traditional and accept- 
ed forms of teaching? This is the question to which 
present-day efforts in “computer-assisted instruc- 
tion” — called CAI — seem to respond. 

But such an approach is of no possible interest 
to the new generation of critics of our school sys- 
tem — people like John Holt (Why Children Fail), 
Jonathan Kozol (Death at an Early Age) and 
James Herndon (The Way It Spozed To Be). More 


No MORE TEAC 


and more, such people are severely questioning the 
general framework and structure of the way we 
teach. 

These writers describe particularly — ghastly 
examples of our schooling conditions. But such 
horror stories aside, we are coming to recognize 


Did you find school dismal and dreary? that schools as we know them appear designed at 
Did it turn you off? every level i) saboti ge the supposed goals of edu- 
Here the author proposes safe and legal cation A child arrives at school bright and early 
ways to turn kids on in his life. By drabness we deprive him of interests. 
g By fixed curriculum and sequence we rob him of 

his orientation, initiative and motivation, and by 

testing and scoring we subvert his natural intelli- 


gence. 

Schools as we know them all run on the same 
principles: iron all subjects flat and then proceed, 
in groups, at a forced march across the flattened 
plain. Material is dumped on the students and their 
responses calibrated; their interaction and involve- 
ment with the material is not encouraged nor taken 
into consideration, but their dutifulness of response 
is carefully monitored. 

While an exact arrangement of intended motiva- 
tions for the student is preset within the system, 
they do not usually take effect according to the 
ideal. It is not that students are unmotivated, but 
motivated askew. Rather than seek to achieve in 
the way they are supposed to, students turn to 
churlishness. surliness, or intellectual sheepishness 
A general human motivation is god-given at file 
beginning and warped or destroyed by the edu- 
cational process as we know it: thus we internalize 
at last that most fundamental of grownup goals 
just to get through another day. 

Because of this procedure our very notion of 
human ability has suffered. Adult mentality is 
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An interesting point, incidentally, is that people read this a lot of different ways. 
One Dean of Education hilariously misread it as an across-the-board plug for CAI. 
Others read in it various forms of menace or advocacy of generalized mechanization. 
One letter-writer said I was a menace but at least writing articles kept me off the 


streets. Here is my. fundamental point: computer-assisted instruction, applied thought- 
lessly and imitatively, threatens to extend the worst features of education as it is now. 


cauterized, and we call it “normal.” Most people’s 
minds are mostly turned off most of the time. We 
know virtually nothing of human abilities except 
as they have been pickled and boxed in schools; we 
need to ignore all that and start fresh. To want stu- 
dents to be “normal” is criminal, when we are all 
so far below our potential. Buckminster Fuller, in 
I Seem To Be A Verb, says we are all born g 
niuses; Sylvia Ashton-Warner tells us in Teacher 
of her success with this premise, and of the bril- 
liance and creative potential she was able to find in 
all her schoolchildren. 

Curricula themselves destructively arrange the 
study situation. By walls between artificially seg 
£ ‘studies” and “separate topics” we forbid the 
pursuit of interest and kill motivation. 

In ordinary schooling, the victim cannot orient 
himself to the current topic except by understand- 


es'dizety Looks 


ing the official angle of approach and presenta- 
tion. Though tie-ins to previous interests and 
knowledge are usually the best way to get an initial 
sense of a thing, there is only time to consider the 
officially presented tie-ins. (Neither is there time 
to answer questions, except briefly and rarely well 
and usually in a way that promotes “order” by If the computer is a universal control system, 


discouraging “extraneous” tie-ins from coming up let’s give kids universes to control. 
The unnecessary division and walling of sub- 


jects, sequencing and kibbling of material lead peo- 
ple to expect simplifications, to feel that naming a 
thing is understanding it, to fear complex wholes; 
to. believe creativity means recombination, the 
parsing of old relations, rather than synthesis. 

Like political boundaries, curriculum boundar- 
ies arise from noticeable features of a continuum 
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and become progressively more fortified. As be- 
hind political borders, social unification occurs 
within them, so that wholly dissimilar practitioners 
who share a name come to think they do the same 
thir And because they talk mainly to each other, 
they forget how near is the other side of the border 

Because of the fiction of “subjects,” great con- 
cern and consideration has always gone into cal- 
culating the “correct” teaching sequence for each 
“subject.” In recent years radical new teaching se- 
quences have been introduced for teaching various 
subjects. including mathematics and physics. But 
such efforts appear to have been misinformed by 
the idea of supplanting the “wrong” teaching se- 
quence with the ght” teaching sequence, one 
which is “validated.” Similarly, we have gone from 
a time when the instructional sequence was a bal- 
ance between tradition and the lowest common de- 
nominator of each subject. to a time when teachers 
may pick “flexible optimized strategies” from text- 
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5 Some premises relevant to teaching 


1, The human mind is born free, yet everywhere 
it is in chains. The educational system serves 
mainly to destroy for most people, in varying 
degrees, intelligence. curiosity, enthusiasm, and 
intellectual i fe and self-confidence. We 

‘are born with these. They ure gone or severely 

diminished when we leave school. 

Everything is interesting, until ruined for us. 

Nothing in the universe is intrinsically unin- 

teresting. Schooling systematically ruins things 

for us, wiping out these interests; the last thing 
to be ruined determines your profession. 

3. There are no “subjects.” The division of the 
universe into “subjects” for teaching is a mat- 
ter of tradition and administrative converiience. 

4, There is no natural or necessary order of 
learning. Teaching sequences are arbitrary, 
explanatory hierarchies philosophically spuri- 
ous. “Prerequisites” are a fiction spawned by 
the division of the world into “subjects:” and 
maintained by not providing summaries, intro- 
ductions or orientational materials except to 
those arriving through a certain door. 

5. Anyone retaining his natural mental facilitics 
can learn anything practically on his own, 
given encouragement and resources. 

6. Most teachers mean well, but they are so 
concerned with promoting their images, alti- 
tudes and style of order that very little else | 
can be communicated in the time remaining, 
and almost none of it altractively. 4 
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books.’ And this all ignores a simple fact: all are 
arbitrary. Instructional sequences aren't needed at all 
if the people are motivated and the materials are clear 
and available. 

Testing as we know it (integrated with walled cur 
ula and instructional sequences) is a destructive acti 
ity, particularly for the orientation which it creates. 
The concerns of testing are extraneous: Icarning to 
figure out low-level twists in questions that lead no- 
where, under pressure. 

The system of tensions and defenses it creates in the 
student’s personality are unrclated to the subject or 
the way people might relate to the subject. An exploit- 
ive attitude is fostered. Not becoming involved with 
the subject, the student grabs for rote payoff rather 
than insight. 

All in a condescending circumstance. Condescension 
is built into the system at all levels, so pervasive it is 
scarcely noticed. Students are subjecicd to a grim 
variety of put-downs and denigrations. While many 
people evidently believe this to be right, its productivity 
in building confident and self-respecting minds may be 
doubted. 

The problems of the school are not particularly the 
teacher's fault, The practice of teaching is principally 
involved with managing the class. keeping up face, and 
Projecting the image of the subject that conforms to the 
teacher's own predilections. ‘The cducational system is 
thereby committed to the fussy and y, to the cn- 
forcement of peculiar standards of rightcousness and 
the clevation of tcachers—a huge irrelevant shell 
asound the small kernel of knowledge mitted. 

The usual attacks on computer teaching tend to be 
sentimental and emotional pleas for the alleged hu- 
manism of the existing system. Those who are opposed 
to the use of computers to tcach generally believe the 
computer to be “cold” and “inhums The teacher 
is considered “warm” and “human.” ‘This view is ques- 
tionable on both sides. 

The computer is us inhuman as we make it. The 
computer is no more “cold™ and “inhuman” than a 
toaster, bathtub or automobile (all associated with 
warm human activities). Living tcachers can be as in- 
human as members of any pcople-prodding profession, 
sometimes morc so. Computerists speak of “Irecing 
teachers for the creative part of thcir work;” in many 
cases it is not clear what creative tasks they could be 
(reed for. 

At the last, it is to resewe the student from the in- 
human teacher, and allow him to relate directly and 
personally to the intrinsically interesting subject milt- 
ter, that we need to use computers in cducation. 

Many successful systems of tcacherless learning exist 
in our society: professional and industrial magazines: 
conventions and their display booths and brochures; 
technical sales pitches (most remarkably, thosc of med- 
ical “detail men"): hobbyist circles, which combine 
Personal acquaintance with a round of magazines and 
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gatherings; think-tanks and rescarch institutes, where. 


specialists (rade ficlds; and the respectful bricfing. 

None of these is like the conventional classroom 
with its haughty resource-chairman; they are not run 
On condescension: and they get a lot across. We tend 
to think they are not “education” and that the methods 
cannot be transferred or extended (to the regions now 
tuled by conventional teaching. But why not? 

If everything we ate were kibbled into uniform dog- 
food, and the amount consumed al each fecding time 
tediously watched and tested, we would have little 
fondness for eating. But this is what the schools do to 
our food for thought, and this is what happens to 
people’s minds in primary school, secondary school 
and most colleges. S 

This is the way to produce a nation of sheep or 
clerks, If we are serious about wanting people to have 
Creative and energetic minds, it is not what we ought 
to do. Energy and enthusiasm are natural to the human 
spicit; why drown them? 
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Education ought to be clear, inviting and enjoyable, 
without booby-iraps, humiliations, condescension or 
boredom. It ought to teach and reward initiative. curi- 
osity, the habit of self-motivation, intellect involve- 
ment. Students should develop, through practice, abili- 
ties to think, argue and disagrce intelligently. 

Educators and computer enthusiasts tend to agrce on 
these goals, Bul what happens? Many of the inhuman- 
ities of the existing system, no less wrong for being 
unitentional, are being continued into computer-assist- 
ed tcaching. 

Although the promoters of compulcr-assisted instruc- 
tion, affectionately called “cai,” seem to think of them- 
selves as being at the vanguard of progress in ull di- 
rections, the field already seems to operate according 
10 @ stereotype. We may call this “classic” or “conven- 
ional” cat, a way of thinking depressingly summarized 
n “The Use of Computers in Education” by Patrick 
suppes, Scientific American, September, 1966, 206- 
220, an article of semi-classic stature. 

Tt is an unexamined premise of this article that the 
computer system will always decide what the student 
is to study and control his movements through il. The 
student is to be led by the nose through every subject, 
and the author expresses perplexity over the question 
of how the system can decide, at all times, where to 
lead the student by the nose (top of col. 3, p. 219). 
But let us not anticipate alternatives. 

It is often asserted (as by Alpert and Bitzer in “Ad- 
vances in Computer-Based Education,” Science, 
March 20, 1970) that this is not the only approach 
current. The trouble is that it seems to be the only ap- 
Proach current, and in the expanding computer uni- 
verse everyone seems to know what cat “is.” And this 
is it. 

Computer-assisted instruction, in this classical sense, 
is the presentation by computer of bite-sized segments 
of instructional material, branching among them ac- 
cording to involuntary choices by the student (“‘an- 
swers”) and embedding material presented the student 
in some sort of pseudo-conversation (“Very good. 
Now, Johnny, point at the . . .") 


CAE: Based on ennecessary premises 

At whichever level of complexity, all these conven- 
tional Cat systems are based on three premises: that 
all presentations consists of items, short chunks and 
questions; that the iterus are arranged into sequences, 
though these sequences may branch and vary under 
control of the computer; and finally, thal these sequen- 
ces are to be embedded in a framework of dialogue; 
with the computer composing sentences and questions 
appropriately based on the student’s input and the 
branching structure of the materials. Let us call such 
Systems sic (Sequenced-Item Conversational) systems. 

These three premises are united. For there to be 
dialogue means there musi be an underlying graph 
structure of potential sequences around which dialogue 
may be generated; for there to be potential sequences 
means breakpoints, and hence items. 

Let us question each of the premises in tum. 

1. Is dialogue pleasant or desirable? Compulsory 
interaction, whether with a talking machine or a stereo- 
typed human, is itself a put-down or i 
(Note that on superhighways there is often a line of 
cars behind the automatic toll booths, even when the 
manned ones are open.) Moreover, faked interaction 
can be an annoyance. (Consider the green light at the 
automatic toll booth that lights up with a “thank you.”) 
Moreover, dialogue by simple systems tends to have @ 
fake quality. It is by no means obvious that phony 
dialogue with 2 machine will please the student. 

2. Is the tem approach necessary? If the student 
were in control, he could move around in areas of 
material, leaving each scene when he got what he want- 
ed, or found it unhelpful. 

3. Are sequences necesxary? Prearranged sequences 
become unnecessary if the student can see what he has 
yet to learn, then pursue it. 








The sense ot prestige and participation 





CAL: unnecessary complicativo 

The general belief among practitioners is that ma- 
terials for computer-based teaching are extremely dif- 
ficult to create, or “program.” Because of possible 
item weakness and the great variety of possible se- 
quences within the web, extensive experimentation and 
debugging are required. Each item must be carefully 
proven; and the different sequences open to a student 
must all be tested for their effectiveness. All possible 
misunderstandings by @ student need to be anticipated 
and prevented in this web of sequences, which must be 
designed for its coverage, correct order, and general 
effectiveness. 


CAI: general wrongfainas “ oe 
Computers offer us the first real chance to let 
humen mind grow to its full potential, es it cannot 
within the stifling and insulting setting of existing 
school systems. Yet most of the systems for compuler- 
assisted instruction seem to me to be perpetuating and 
endorsing much that is wrong, even evil, in our present 
educational system. cat in its conventional form ea 
larges and extends the faults of the American educa- 

tional system itself. They are: 


* Conduciveness to boredom; 

© The removal of opportunities tor initiative; 

“2 Gratuitous concerns, both social and administra- 
tive (“subject,” “progress” in subject); 

* Grades, which really reflect commitment level, 
anxiety, and willingness to focus on core emphasis; 

© Stereotyped and ling treatment of the 
student (the “Now-Johnny™ box in the computer re- 
Placing the one that sits before the class); 
nee 7 Had of curticula and available materials 

ex] motivati 
Holarchdlnah ‘pense of ation and general: 

e Destructi ive testing of a kind we would not permit 
on rege machinery; and, 

© An overt or hidden emphasis on invidious ratings. 
(Ungraded schools are nice—but how many units aed 
you complete today?), 

There are of course improvements, for instance in 
the effects of testing. In the tell-test, tell-test nattering 
of cat, the testing becomes merely an irritant, bul one 
certainly not likely to foster enthusiasm. 





But isn't CAI ‘scicntific?” 

Part of car's mystique is based upon the idea that 
teaching can become “scientific” in the light of modern 
research, especially learning theory. [1 is understand- 
able that rescarchers should promote this vicw and 
that others should fall for it, 

Laymen do not understand. nor are they told. that 
“learning theory” is an extremely technical, mathemat- 
ically oriented, description of the behavior of abstract 
and idealized organisms caring non-unificd things 
under specific conditions of motivation and non-dis- 
traction. 

Let us assume, politely, that learning theory ts a 
full and consistent body of knowledge. Because of 
name, learning theory has al Icast what we may call 
nominal relevance to tcaching: but real relevance is 
another maticr. It may be relevant as Newtonian cqua- 
tions are to shooting a good game of pool: implicit but 
without practical bearing. 

Because of the actual character of learning theory. 
and its general remoteness from non-sterile conditions. 
actual relevance to any particular type of application 
must still be demonstrated. To postulate that the theory 
still applics in dilutcd o¢ shifted circumstances is a 
leap of faith. Human beings arc not. taken all together, 
very like the idealized pigcons or rats of learning 
theory. and their motivations and other circumstances 
arc not casily controlicd. Studics concerned with rate 
of repetition and reinforcement are scarcely relevant 
if the student hatcs or docs not understand what he is 
doing. 

1 do not mean to i 
system which is effective and: gratifying. Wh. 
is that sic systems for cal will become more 
effort progresses, or that thy go 
i chable and appropriate. 
ect ix that we are building boredom 
¢ duller but sap intelles- 











ack all GAL oF any teaching 
1 doubt 

















tal interest in the same old 





Should systems ‘instruct?” 





and respume sey, un im 
md the hike, furnishing 
© boring. but 





provement over workboo 
both corrections and adjustment. ‘Ihe: 
probably fess so than the usu 
enthusiasts scem to believe the same conversitionalized 
chunk techniques can be extented to the realm of ideas. 
to systems that will tutor and chide, and that this will 
provide the same sort of natural interest provided by 
a live tutor’s instruction : 

The conventional point of view in cal claims that 
because validation is so important, it is necessary 10 
have a standardized format of item, sequeace and dia- 
logue. This justifies turning the endeavor into pichy- 
work within items and sequence complexes, with 
attendant curAcular freeze, and student inanition and 
boredom. This is entirely premature. The varicty of 
alternative systems for computer tcuching have not 
even begun to be explored. Should systems “instruct 
at alll? 


‘Responding Resources’ and ‘Hyper-Media® 

At no previous time has it tec possible to create 
learning resources so rexpormnive and interesting. oF to 
give such free play to the studeal’s initiative as “ = 
now. We can now build computer-based presentalonal 
wonderlands, where a student (or other user? may 
browse and ramble through a vast warlely of writings. 
pictures and apparitions im magical ypace. sts ge ES 
rich data structures and facilities for 1waddling thea 
‘These we may call, collectively. “responding revatees 
Responding resources are of two (PE: facilities 


hyper-media. 























A facility is something the uscr may call up to Per 
form routinely a computation or other act. be 
in Ucsited ways on demand. Thus soss (a clever desk 
calculator available ata terminal) and the Culler-Freed 
graph-pkoting system (whic! ry func- 
tions the user types in) are fi 3 

Hyper-media ace branching of performing presenta- 
tions which respond to user actions, syMems of pe 
arranged words and pictures (for cxample) which may 
he explored freely or qucricd in stylized ways. They 
will not be “programmed.” but rathe written 
drawn and edited, by authors, 
editors. (To call them “programmed” would suggest 
spurious technicality. Computer systems to present 
them will be “programmed.”) Like ordinary prose and 
Pictures. they will he media: and beenuse they are in 
some sense “multi-dimension we may cull thenr 
Avper-media, following the mathematica use of the 
term “hyper”, 


































A modest proposal 
The alternative is straightforward. Instcad of devis- 
ing elaborate systems permitting the computer or its 
instructional contents to control the situation, why 
not permit the student to control the system, show him 
how to do so intelligently, and make ji easy for him 
to find his own way? Discard the sequences, items 
and conversation, and allow the student to move freely 
through materials which he may control. Never miod 
optimizing reinforcement or validating teaching se- 
quences. Motivate the user and let him loose in a 
wonderful place. | 

Let the student control the sequence, put him in 
control of interesting and clear material, and make him 
feel good—comfortable, interested, and aulonomous. 
Teach him to orient himself: not having the system 
answer questions, all typed in, but allowing the student 
to get answers by looking in a fairly obvious place. 
(Dialogue is unnecessary even when it does not in- 
tude.) Such ultra-rich environments allow the student 
to choose what he will study, when he will study it and 
how he will study it, and to what criteria of accomplish- 
ment he will aim. Let the student pick what he wishes 
to study next, decide when he wishes to be tested, and 
give him a variety of interesting materials, events and 
opportunities. Let the student ask to be tested on what 
he. thinks he knows, when he is ready, selecting the 
most appropriate form of testing available. 

This approach has several advantages. First, it cir- 
cumvents the incredible obstacles crealed by the 
dialogue-item-sequence philosophy. It ends the danger 
lo students of bugs in the material. And last, it does 
what education is supposed to do—foster student en- 
thusiasm, involvement, and self-reliance. 

Under such circumstances students will actually be 
interested, motivated to achieve far more than they 
have ever achieved within the normal instructional 
framework; and any lopsidedness which may result 
will be far offset by the degree of accomplishment 
which will occur—it being much better to create lop- 
sided but enthusiastic genius specialists than listless, 
apathetic, or cruelly rebellious mediocrilies. If they 
start soon enough they may even reach adulthood with 
natural minds: driven by enthusiasm and interest. 
crippled in no areas, eager to learn more, and far 
smarter than people ordinarily end up being. 

Enthusiasm and involvement are what really count. 
This is why the right to explore far outweighs any 
administrative advantages of creating and enforcing 
“subjects” and curriculum sequences. The enhancement 
of motivation that will follow from letting kids learn 
anything they want to learn will far outweigh any 
specialization that may result. By the elimination or 
benign replacement of both curriculum and tests in an 
ultra-rich environment, we will prevent the attrition of 
the natural motivation of children from its ally 
enormous levels, and mental development will be the 
natural straight diagonal rather than the customary 
Parabola. 7 


Is 1 so hard? some ideas 

Cal is said to be terribly hard. It would seem all the 
harder, then, to give students the richer and more 
stimulating environments advocated here. This is be- 
cause of the cramped horizons of computer teaching 
today. Modest goals have given us modest visions, far 
below what is now possible and will soon be cheap. 














Discrete (Chunk Style) Hypertexts 





Summary 


The static computer displays pow associated with 
J will give way to dynamx displays driven from 
nie the iDNOM. 19M 2250 °4 of 

af these costs only $10,000 
by 1975 such « unit will probably cost $1,000 
computers be much cheaper, but 
their usability will improve: a small computer with a 
fair amount of memary will be able to do much more 
thao if can now, imciuding operate a compiles display 
fran is own complce deta base. 
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Discrete hypertexts 


“Hypertext” means forms of writing which branch 
or perform on request; they are best presented on com- 
puter display screens. 

In ordinary writing the author may break sequence 
for footnotes or insets, but the use of print on pz pr 
makes some basic sequence essential. The compu. 
display screen, however, permits footnotes on footnotes 
on footnotes, and pathways of any structure the author 
wants to create. . 

Discrete, or chunk style, hypertexts consist of sepa- 
rate pieces of text connected by links. 

Ordinary prose appears on the screen’ and may be 
moved forward and back by throttle. An asterisk or 
other key in the text means, not an ordinary footnote, 
but a jump—to an entirely new presentation on the 
screen. Such jumpable interconnections become part 
of the writing, entering into the prose medium itself as 
a new way to provide explanations and details to the 
seeker. These links may be artfully arranged according 
to meanings or relations in the subject, and possible 
tangents in the reader’s mind. 












Welcomingness and control 


CHOICE POINT 





















GO ON 
| DON'T UNDERSTAND 

SO FAR I'M BORED 

EXPLAIN THE BIG PICTURE 
DETAILS PLEASE 

TIE THIS IN WITH SOMETHING 
| KNOW 


LET’S GO BACK TO LAST CHOIC 
POINT 
GIVE ME MORE CHOICES 





MORE CHOICES 


TEST ME 
DRILL ME 

RIDDLE ME 

DRAW ME A ‘DIAGRAM 
TELL ME A RELEVANT JOKE 
CHANGE THE’ SUBJECT 
SURPRISE ME 





THE PUMPING HEART 
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Performing hypergrams 

A hypergram is a performing or branching picture: 
for instance, this angle, with the bar-graph of its re- 
lated trigonometric functions. The student may turn 
the angle upon the screen, scizing it with the light-pen, 
and watch the related trigonometric functions, dis- 
played as bar charts, change correspondingly. 

Hypergrams may also be programmed to show the 
consequenees of a user’s prod—what follows or ac- 
companies some motion of the picture that he makes 
with a pointing tool, like the heartbeat sequence. 


Stretchtcxt tills in the details 

This form of hypertext is casy lo use without geting 
lost. As a form of writing, it has special advantages for 
discursive and looscly structured materials—for in- 
stance historical narratives. 








There are a screen and two throttles. The first 
throttle moves the text forward and backw up and 
down on the sereen. The second throtie causes changes 
in the writing ilself: throttling toward you causes the 
text to become fone. by minute degrees. Gaps appear 
between phrases; new words and phrases pop into the 
gaps, an item ata time. Push back on the throttle and 
the writing becomes shorter and less detailed. 

The stretchtext is stored as a text scam with extras, 
coded to pop in and pop out at the desired altitudes: 






Stretchtext is a form of writing. 
It is read from a screen. The user 


controls it with throttles. It gets 
Jonger and shorter on demand. 





Stretchtext, a kind of hypertext, 
is basically a form of writingclosely 
related to other prose. !t is read by 
a user or student from a computer 
display screen. The user, or student, 
controls it, and causes it to change, 
with throttles connected to the 
computer. Stretchtext gets longer, 
by adding words and phrases, or 
shorter, by subtracting words and 
phrases, on demand. 





Hypermap zips up or down 

The screcn is a map. A steering device perm 
user lo move the map around the world’s surface: 
throttle zooms it in. Not by discrete jumps. but ani- 
mated in small changes, the map grows and grows in 
scale. More details appear as the magnification in- 
creases. The user may request additional display modes 
or “overlays,” such as population, climate, and indus- 
try. Such additional features may pop into view on 
request 












Queriable illustrations: a form of hypergram 

A “hypergram” is a picture thal can branch or per- 
form on request. In this particular example, we sce 
on the screen a line-drawing with protruding labels. 
When the student points at a‘label, it becomes a sliding 
descriptive ribbon, explaining the thing labelled. 
Or asterisks in an illustration may signal jumps to 
detailed diagrams and explanations, as in discrete 
hypertexts. 
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Dissection on the screen 


The student of anatomy may use his light-pen as a 
scalpel for a deceased creature on the screen. As he 
cuts, the lissue parts. He could also turn the light-pen 
into hemostat or forceps. and fully dissect the creature 
—or put it back together again. (This need not be a 
complex simulation. Many key relationships can be 
shown by means of fairly simple schematic pictures, 
needing a data structure not prohibitively complicated.) 





Hyper-comies are fun 


Hyper-comics are perhaps the simplest’ and most 
straightforward hyper-medium. ‘The sereen holds a 
comic strip, but one which branches on the student's 
request. For instance, dillerent characters could be used 
to explain things in different ways, with the student able 
to choose which type of explanation he wanted ala 
specific lime. 
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“Technicality’ is not necessary 

Proponents of cai want us to believe that scientific 
teaching requires a certain sctup and format, incom- 
prehensible to the layman and to be left to experts. 
This is simply not true. “Technicality” is a myth. The 
problem is not one of tcchnical rightness, but what 
should be. 

The suggestions that have been given are things that 
should be; they will be brought about. 1 
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It was explained on the other side that 
computers have no Axed purpose or style of 
operation, but can be set In motion on detailed 
and repetitive taske in any realm of human in- 
terest-- as jong as those taske ere exactly 
specifiable in certain humdrum waye. 

Now, if you had a machine Uke that 
burning a hole In the corner of your office, 
what would you really want to do with it? 

You can't drive it on the road. 

You can't make love to it. (But see pe.) 


You can't cook in it, or get the news 
on It, 


To get It to control elaborate events in 
the real world requires a lot of expensive equip- 
ment and interfaces, 60 cross that out. 

Yet suppose you have an inquiring imag- 
ination-- which is not unlikely, coneldering 
that you are reading thls sentence. 


And we are also supposing (from an ear- 
ler paragraph) that you have a compuler. 


Whet sorts of thing would you do with it? 


Things that are imaginstive and don't 
require too much else. 


I am hinting at something. 


U COULD HIVE IT MAKE PICTURES 
and show yoo aut 
and change dat fhe 
depots on what 
yey. de; 


and if this idea doesn't turn you on, 
the reat of this book is probably not for you. 





The techniques of mak! ing pictur 
computer are called computer ezephles. be 


But that includes the dull kinds of 
pictures by computer, the ones that do it with 
pene and printing machines. 


The techniques of makin con, 
present things interactively wees called 
computer display. (Some Say “Interactive com- 
puter graphics;” this is not Just too long, but 
too restrictive as well: interactive text systems 
are not "graphic" or pictorial, but ‘they are going 


to be @ profoundly important of 
display.) srea computer 


(incidentally, the silly word "interaction" 
was coined because the previous word "Inter- 
course," which meant exactly the same thing, 
had racy connotations for some People. Cr. 
“donkey” and “rooster,” also relatively recent.) 


You will note that computer display Ls 
what makes possible the computer terminals with 
screens that we saw on the other side. All 
that @ screen-terminal is ie some sori of com- 
puter dieplay, to which a keyboard has been 
added. 
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Responding computer displays 
come in all sizes and prices. This 
little setup (in the under-$10,000 
class) is a PDP-8 minicomputer with 
home-built display circuitry. Gothic 
lettering data structure ilable 
from somebody in the military; mes- 
sage courtesy of RLE.S.1.S.T.0.R.S. 
The big display is an !BM 2250 (over 
$100,000, including minicomputer). 
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You will (herefiore eee that to undersiand 

all the different computer displsy terminals. 
you would heve to understand all the different 
compulsr displey techniques: unfartunstaly 
we cam only cover s few bere, amd those but 
sperely. 


Some of the types of computer display to 
be covered hereabouts inchude: 


CRT. or cathode-rey tube, displays: 
these are wy favorite became the 
stuff an their screens may be 
mimated by the computer. 


Video displays, which use television 
techniques. These have troubles 
deriving fram the wey » TV picture 
ts timed. 


panel displays. i.¢., those which appear 
on a fet panel. These are guing 
to be cropping up all over. (The 
pictures can't move much. but tbe 
Gevicws are going to be cheep. 
Fig, too. Game people think that’s 
very important.) 


2D displeye, especially of the CAT type. 
NOTE: this term refers ambiguously 
lo two different things: setups which 
present Om views of three-dimensicmal 
‘canes, and those which present 
Merwoscupic views of 3-D scenes: 
these are much rarer. 


image synthesis or halftone wchniques 
and systems. These are computer 
programs and special devices which 
make shaded or photograph-like 
pictures. (This happens ip be @ 
favorita wpic of mine. and so there's 
quite bit on it here. 9 lot af which 
is not widely known in the field.) 


sistiocara WE Muly's Cee nhnves ree. 


Mewnan and Sproull, loterpctive Computer Crephics, 
McGrew, 015. Your besic text on sll forms of 


computer graphics (eed tbue animation). 
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DISPLAY TERMINALS 


Some computer displays have to be deeply 
attached to a computer and some don't. These 
latter we call display termin. 





A display terminal is like an ordinary 
computer terminal (see p [4+): that is, funda- 


mentally a device by which a Computer and a 
erson can je at each other. iowever, s$- 
play terminate have screens. 


Now, some display terminals only show 

text, just like ordinary printing terminals 

lescribed on the other side). But manufac- 
turers are free to add any other features, and 
so different manufacturers make it possible to 
do various kinds of picture-making with their 
particular display terminal if appropriate 
programs are running in tl puter that con- 
trols them, 











Some devices are sold as display terainals 
but actually, to further confuse the issue, 
contain complete minicomputers. (The fact 
that the ufacturer may not stress this is 
simply a marketing angle he has chosen.) Simi- 
larly, certain terminals contain microprocessors 
(see ; ) which means they can be programmed 
to behave ike various other terminals, but ordi- 
Narily they cannot be programmed to do auch else 
by themselves. 





Without getting into it deopty: there are two main 
types of display terminal; those that are refreshed and 
those that are not. A refreshed display is one whose 
viewing surface fa and must be continually re-filled; 
a non-refr od display somehow stores the presentation 
in the viewing surface itself. 








Non-refreshed displays simply take the symbols 
from the computer, blam them onto the screen, and that's 
it until the screen 1s erased (by either the computer or 
the user). 
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Thia honey is the GT-40 sass 
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Nan ta playing Noon- 
lander game: aontrol- 
ling sorean action with 
lightpen. Computer eimulates real moon Lander. 
Reversed white-to-black for readability here. 


TRE WONDER oF 
INTERACTIVE DISPLAY SOCTEAS 


If you have not seen interactive computer 
display, you have not lived. 


Except for a few people who can imagine it-- 
and I'm trying to help you with that as hard as I 
can-- most people just don't fet it till they see 
it. They can't imagine what it's like to manipu- 
late a picture. To have # diagram respond fo you. 
To ch one part of a picture, and watch the rest 








,adapt. These are some of the things that can Rap: 
pen In in ictive computer display-- al1 depending, 





of course, on the program. 


For some reason there sre a lot of people who 
pooh-pooh computer display: they say it's "not 
necessary," or "not worth it,” or that "you can get 
just as good results other ways." 





Personally, 1 wouldn't thing of trying to 
justify computer display on "practical" grounds, 
oO what if at offers you faster access to infor- 
mation and pictures and maps diagrams, the 
ability to simulate extremely complex things by 
modifying pictures, the ability to go through 
complex transactions with the system in very 
little time, the ability to create things in the 
world almost instantaneously (say, by cr 

tterns which are then automatically 
woven, or design 3D objects which are then auto- 
matically milled by machines), and never mind 
thet it anables the user, say, to control entire 
oil refineries by the flick of a lightpen. 





As far as I'm concerned, these matters 
aren't very important compared to changing the 
world: making education an excitement, rather 
thah a prison; giving scholars total access to 
writings and notes, in new complex form; allowing 
people to play imaginatively, and raising human 
minds to the potentials they should have reached 
long ago; and helping people think at the deepest 
level about very heavy and complex alternatives-- 
which confront us more ominously today than ever. 





ting Student prograwar Alan MoNeil, 
on art mjor, ponders something 
or othar. It my be the program 
for the Nova rv 
ete Rowell are ‘ding. 

Alan aleo made a film shaving what 
may have bean the motions of the 
eonténants, shooting straight off 
the PLATO ecresn. 

Same PLATO puriate point out that 
this ts not emotly what PLATO 
was originally intanded for. So? 


PLATO panel display (see DM 26-7). 
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Two major types are the storage tube and the panel. 
These in turn have separate subtypes, etc. 


Refreshed displays have to have some other kind of 
of symbolic (digital) memory, whose contents repeated- 
ly go to the screen: 


ago 
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Repeated eyohs 
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Most refreshed displays use an actual television 
screen-- that is, a CRT (sée p.bmé-7) whose entire area 
is repeatedly re-painted by the elctron bean, 


Since computers send text out to terminals as in- 
dividual alphabetic and punctuation codes, each terminal 
must contain circuitry to change the character code to a 
visible alphabetical character on the screen, Such a 
piece of circuitry is called a character generator. There 
are various kinds, they go at various -spents sane offer 
more different characters than others. 


Display terminals generally have a little marker, or 
cursor, that the user or the computer can move around the 
screen. The computer can sense what the user is pointing 
at by the motion codes it gets, telling where the user has 
moved the cursor. 





I had intended here to print a little directory of 
display terminal manufacturers, but there simply is not 
time. See section on terminals, other side. 


Note that the term video terminal is often used, in- 
correctly, for any display terminal. The term "video" 
should only be used when the screen is refreshed by an 
actual video raster, (See "Lightning in a Bottle,” DP. SAET-) 


Text terminals (also called alphabetic terminals, 
character terminals or keyscopes) simply show written text, 
put in either by the computer or the user. (Some terminals, 
called transaction terminals, can be divided up into specific 
areas that the user may and may not type into-- for banking 
and stuff. However, whether that form of terminal is 
necessary may also be a matter of taste in the program 
design.) 


Text terminals range in price from, say, $1500 on up 
to $6500. (This last is the price of a remarkable color 
text terminal demonstrated by Tec, Inc., at the 197% National 
Computer Conference. Each alphabetic position could con- 
tain a letter and/or a bright color; altogether the screen 
could hold big colorful pictures made up of these bright 
spaces. Ostensibly just a text terminal, actually the de- 
vice could be regarded as an Instant Movie Generator for 
television animation. But it may take Tec, Inc. awhile to 
realize what they have created.) 


Graphic terminals offer some kind of pictures on their 
screens. These come in a great variety: line-drawing, some 
without, some with levels of grey. Of interest to the be- 


ginner are: 


“The Tektronix." (Also called "the greenie," or 
“the green screen.“) Tektronix, Inc., makes a 
display based on a pale green storage tube they 
make. (So does Computer Displays, Inc.) Such 
displays allow you to put more and more text and 
pictures on a screen, crowding it all up-- but 
you can't take the lines or words off individually. 


“The PEP.” Excellent (but very expensive) display 
that comes out to a video screen From a high-re- 
solution storage tube. Permits grey scales and 
selective erase. Princeton Electronic Products. 


The IDIgraf (Information Displays, Inc., Mount Kisco, 
NY). Allows line pictures with animation; interest- 
ing unit; somewhat less than $10, . 


A PLATO-like terminal (see PLATO terminal, nearby, and 
pp2"26-77) is now available for use with STANDARD com- 
puter interfaces and software, "Less than $5000" 
from Applications Group, Inc., P.O. Box 444A, Maumee, 
Ohio 43537. ; 


REFRESHED HIGH-RESOLUTION COLOR SYSTEMS. A number of 
companies manufacture computer displays allowing com- 
plex grey-scale pictures, including color. They are 
expensive but very very nice. Indeed, if you buy then 
in clusters, these fancy-picture scopes can cost as 
little as text terminals. Some manufacturers are: 


Disk. (Disk refresh.) Note: I once recommend- 

od them to a consulting client of mine, who 

later expressed complete satisfaction with 

their equipment. 

Rantek. (Senicoduche irrage:) 2 

Adage, ‘Inc. Their model 200 isa video system re- 
‘freshed from semiconductor storage. 

Comtal. (Disk.) 


Spatial Data Systems. (Disk.) 
Drconed. (isk-y Extremely high resolution. 
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MEN aT woRK 


The computer display screen Is the new 
frontier of our Lives. 


That such systems should (and will) be 
fun goes without saying. Thal they wl) also 
be @ place to work may be less obvious from 
the tone of this publication, so I want to stress 
It here. 





Making pictures with the GE 
halftone system (ses pp. DM 32-9). 


The thing about display screens-- especial- 
ly the high-performance, subroutining kind-- 
is that the ecreen can become a place from 
which to control events In the outelde world. 


Example: [ believe a town in N.Y, State 
hae ite electrical system hooked up to an IDIIOM 
subroutining dlepley (made by Information Dis- 
plays, Inc., and coupled to a Varlan 620 mini- 
computer). Insleed of having a wall with « big 
painted map having switches set Into it, like 
many such contro] centers. the switches are 
linked directly to the minicomputer, and a pro- 
gram in the minicomputer connect these circuits 
to the pictures on the screen. Thus to throw 

a ewitch In the real world, the operator points 
with his lightpen af the picture of the switch, 
and the minicomputer throws the switch. 





There are oll refineries that work the 
game way. The operator can control flowe 
among pipes and tanks by pointing at thelr 
pictures, or at eymbols connected with them, 
and bingo, It happens Out There. 


In another case, a person designing some- 
thing al a screen can look across the room and 
see a machine producing whal he Just finlahed 
designing « few minutes ago. 1 wish 1 could 
say more about that particular setup. 


The true problem that 1 think le emerging. 
though. 1s the problem of system response and 
style. Okay, 60 you're controlling wldget 
assembly, or traffic light grida, at lhe CRT 
screen. The real question is, how does the 
ecreen behave and respond? This ia not, darn 
it, a technical issue. 1's psychological and 
then some. The design of screen ectivities 
which will enjoyebly focus the user's mind on 
hia proper concerns-- no matter how personal 
these may be-- ja the new frontier of design, 
of art, and of architecture. But more of that 
later. 





Now, the Xerox Corporation has aald that 
thay Intend to replace paper (or, the wey I 
heard It, "Somebody is golng to replace paper 
with ecreens, and It will be either IBM or us, 
so let's have It be us.") 


Well and good. Save the Lrees and stem 
Lhe grey menace. But the question ls: what 
will the systems be like? How should they per- 
form? What forms will information take? What 
conventions, structures, diagrams, animations, 
ways to elgn things, ways to view things ... 
HOW SHALL IT BE? 


1 am afraid that as long as people are be- 
fuddled with technicallles, or confused by those 
who profess that these considerations are thelr 
specialty by right, we will never get straight. 
Lacking dme for the full discussion, | give you 
@ motto: 


IF THE BUTTON 18 NOT SHAPED LIKE THE THOUGHT, 
THE THOUGHT WILL END UP SHAPED LIKE THE BUTTON. 


eee 


SAVING ENERGY WITH COMPUTER DISPLAY 


A timely criticism of computer display is 
that it needs electricity. But (as mentioned 
elsewhere) it saves paper, and, importantly, it 
bodes to save energy as well. 


IF WE SWITCH TO COMPUTER SCREENS FROM 
PAPER, PEOPLE WON'T HAVE TO TRAVEL AS MUCH. 
Instead of commuting to offices in the center 
of town, people can set up their offices in 
the suburbs: and share the documentary struc- 
ture of the work situation through the screens, 


This view has been propounded, indeed, by 


Peter Goldmark, former director of research for 
CBS Labs, the man who brought you the LP record. 


eot 
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\F COMPURRS ARE THE 
WAVE OF THE FUTURE, 


DISPLAYS ARE 


THE SURFBOARDS. 


THE WIND's CHE, Corfinved, 


YOUR BASIC TYPES OF COMPUTER DISPLAY 


ote: the term "display" is also used 
in this Meld to refer to numbers and letters 
that can be made to light up in fixed positions, 
like on your pocket calculators. Those will! 
not be discussed here. If you're interested 
see an article on the subject by Alan Sobel, 
Scientific American, early 1973 sometime.) 


THE FORKED LIGHTNING 


“ Because their words have 
forked no lightning they 
Do not go gentle into that good night." 
-- Dylan Thomas 


The most basic, and yet eventually the 
most versatile, computer display ie that of the 
CRT, or bottled lightning (as 1 like to call it). 
It is, you know: a beam of electrons, just like 
lightning in a storm, but from the neck of a 
very empty bottle to its fat bottom, whose 
chemically coated surface we watch. As manip- 
ulated by the computer, the CRT stabs its beam 
to all corners of the faceplate: forked lightning. 


Computer display began in the lale forties. 
Computers themselves were completely new, 
and so was Mr. Dumont's megical Cathode Ray 
Tube or CRT (see p.°™%), developed on a 
crash basis during lhe war so we could have 
radar, and as long as it was eround after the 
war, we gol television. 


But the lightning bottle, or CRT, can be 
used in a variety of ways. [1s control plates, 
which move the ray of electrons around on the 
screen, can be given verious different elec- 
tronic signals, causing the beam to move around 
in different patterns. In normal video, the 
signals move the beam in a zigzag pattern, 
where the zigs are very close together and the 
zags are invisible; the carpel of zigs covers 
the screen over and over in a repetitive pattern, 
and the beam's changing intensity paints the 
picture. 


But we can drive the CRT differently. 
by using different control signals. For instance: 
we can apply a measured voltage to the height 
or "Y" pletes of the CRT, moving the beam 
to a given vertical position, and another meas- 
ured voltage to the sideways or "X" plates, 
controlling its horizontal position. 
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1. EARLIEST SYSTEM: A LITTLE PROGRAM 
TO MAKE DOTS 


The earliest setup connected @ CRT to a 
computer by the simplest possible means, and 
made its pictures with dots on the screen-- a 
sort of tattooing process. 


It was simple because all the computer 
did was furnish to the connecting circuitry (or 
interface) symbols specifying how far up, and 
how far across the screen, the next dot should 
be. These symbols were actually coded numbers, 
and the interface turned them into voltages which 
then moved the beam correspondingly. (This 
process of making a measured voltage out ofa 
coded numerical symbol is celled digital-to-analo, 
conversion, since (a8 explained on the other side) 
the main meaning of "anslog" these days is “in 
a measured voltage.") 


Now, this has several drawbacks. One is 


thet the lines are dotty; nobody likes that. A 
more important annoyance, though, is that the 
computer scarcely has time for anything else. 
Here ie a Mowchart of what the computer has lo 
do in its program. (Even if you didn't look at 
the other side of the book, flowcharts are nothing 
scary. They're just maps of what happens.) 
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Furthermore, and here was the indignity 
of it, this system took far too long. To draw 
a line with thirty dots in it took thirty times 
around the, loop in the flowchart, and since each 
box in the flowchart takes at least one of the © 
machine's rock-bottom instructions-- usually 
more-- then the main loop of this display routine 
takes four separate operations per dot, or 120 
operalions for a stupid 30-dot line. Plainly 
there has to be a better way to use an expensive 
computer. 





Actually it wasn't just the ignominy of it, 
but the fact that il took so long, that made this 
@ poor method. The amount of stuff the compu- 
ter could draw in 1/40th of a second-- and this 
turns out to be how fast the whole picture has 
to be made-- was too liltle. After 1/40th of a 
second the human eye can see the lines on the 
CRT start to fade, and so the picture has to be 
redrawn to make it bright again before thet 
happens. If your eye sees the picture fading, 
then when the compuler draws’ the picture again 
you will see it get suddenly bright again-- and 
it will start to flicker. This ig distracting, un- 
healthy, and disagreeable. 


Note that the most important computer in 
the histo of computer display used this tech- 
nique ‘4 his was the TX-2 at Lincoln Labora- 
tories, a highly-guarded installation outside Bos- 
ton which is formally part of MIT. The TX-2 
was one of the first transistorized computers-- 
perhaps the first; and on it were programmed 4 
number of milestone systems, including Suther- 
land's Sketchpad, Johnson's Sketchpad IV, and 
Baecker's GENESYS animation system (discussed 
somewhere). 


2, LINE-DRAWING HARDWARE 


The next step in design is to Get the com- 
puter Program out of the business of drawing 
linee by a succession of dots. So we bulld a 
Piece of hardware that the computer program may 
simply instruct to draw a line. As an interface, 


it looks to the computer like four separate 
devices: registers that tell where on the screen 
the line must start ("first X" and "first Y") and 
registers that tell it where to stop ("end X" and 
"end ¥"). 





This speeds things up considerably, and 
allows the computer program to display on the 
CRT simply by telling the device what lines it 
wants drawn. Moreover, the program is free 
to do other things while each line ja being 
drawn, though this involves the problem of how 
the program is to know when it's time to send 
out another line-- and we needn't go into that 
here. 





(neldentally, it is a puzzling fact that 
such a device is available nowhere, although 
lots of people end up building one for themselvea. 
There was such a thing on the market a couple 
of years ago-- line-drawing hardware with no 
interface and no CRT-- but it was withdrawn 
because of reliability problems. A just price, 
if anybody wants to go into that, would be five 
hundred to @ thousand dolars-- thie year.) 


3. EVOLUTION FROM THIS: TWO OPTIONS 


There are basically two ways to go from 
this basic starting point. Either we can keep 
the display device intimately and integrally con- 
nected to the computer, or we can say the hell 
with it and cut the display device loose a5 a 
separate entity. 





Ivan Sutherland has cannily noled that 
there is a certain trap involved in these designs: 
as we build additional "independent" structures 
lo take the burden of display away from the 
computer, we are tempted to keep adding fea- 
tures which make the "independent" structure 4 
computer in its own right. This paradoxical 
temptation Sutherland calls "the great wheel of 
Karma" of computer display architecture. 


It is tempting to cut the display loose from 
the computer. It means the computer can be 
fully occupied with other matters than refreshing 
the acreen-- preparing the next displays, per- 
haps. Many computer people believe this is the 
right way to do it, and it ie certainly one valid 
approach, But unfortunately it also drastically 
reduces the immediacy of the system's reaction, 
making interaction with the system Jess intimate 
and wonderful. 


Approaches which put display refreshment 
and maintenance in a separate device are less 
interesting to me, and so that discussion contin- 
ues separately nearby. (“duplan Terminals,” e a2). 


ty aetecle cocfques ned page.) 
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4. THE SECOND PROGRAM FOLLOWER 


On the other side of.the book, I explained 
that 4 computer Is basically a zippy device, 
never mind how constructed, which follows a 
Program somehow stored symbolically in a core 
memory. Such a device we cal] hare a program 
follower. While programs may be In many com- 
put languages-- all of them contrived systems 
for expressing the user's wishes, in different 
styles and with different general intent-- under- 
neath they all translate to an inner languege of 
binary patterns, which may just be thought of 
a8 patterns of X and O, or light bulbs on and off. 
The innermost program follower of the computer 
gves down liste of binary patterns slored in the 
core memory, and carries them out as specific 
instructions. It also changes its sequences of 
operations under conditione thet the programmer 
has told it to watch for. 





. The most powerful and responsive com- 
puter displays are those which build a second 
program follower which goes down lists of pic- 
ture-drawing instructions aleo stored in the same 
core memory. 
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We may call this also a “List-of-lines” 
system, since the commands recognized by the 
dieplay program follower are typically patterns 
that tell it what Hnes to draw. 


Typically aleo it has ite own way of Jump- 
ing around in a program, and may jump to a 
specific list of lines, or subpicture, from numer- 
ous other parts of its program, always returning 
each time to the point from which it had jumped. 
This ‘allows the same subpicture to appear in 
numerous places on the screen at the same time. 
(A program thet can be Jumped to by other pro- 
grams which then resume operation is called a 
subroutine; thus the real, or most prestigious, 
name for such a device is a subroutining display.) 
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This design hae some extraordinary advan- 
tages. One le that since the computer's program 
follower and the displey'e program follower both 
share the game core memory. they can work to- 
gether most Intimately. When the user demands 
something new-- by typing, say, or pointing 
with a Ught-pen-- the computer can step in and 
take various actions. Its program can compose 
a new picture for the user, get something from 
a disk or tape memory, or switch the display's 
program follower over to a new picture it has 
already prepared. 





Most importanuly, the computer can move 
images on the ecreen, allowing interactive ani- 
mation on the screen under the user's control. 
Eech Gime the display is about to show the same 
picture again, the computer simply supplies it 
with a new starting point. Since the list of lines 
le typically in the form of sequences of linea 
relative 1o one another, the picture is drawn in 
a new plece each time-- and thus seen to move 
on the screen. 
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Thie design has some extraordinary advan- 
tages. One Ie that since the computer's program 
follower and the display's program follower both 
share the same core memory, they can work to- 
gether most intimately. When the user demands 
something new-- by typing, say, or pointing 
with a light-pen-- the computer can step In and 
(eke various actions. Its program can compose 
@ new picture for the user, get something from 
a disk or tape memory, or swilch the display's 
Program follower over to a new picture il has 
already prepared. 


Most importantly, the computer can move 
images on the scren, allowing Interactive anl- 
mation on the screen under the user’s control. 
Each time the display starts to show the same 
picture again, the computer simply suppliee it 
with @ new etarting point. Since the list of lines 
is typically in the form of sequences of lines 
relative to one another, the picture is drawn in 
@ new place each time-~ and thus seen to move 
on the ecreen. 


Finally, the computer iteelf is free most 
of the time-- free, that is, to do other things, 
which typically is always desirable. Just how 
much the computer can or should do in such a 
partnership is a metier of dispute. (Ordinarily 
such devices are spliced onto minicomputers; 
and minicomputer fans, such as the author, see 
no reason not to perform all services for the dis- 
play there in the minicomputer-- and a pox on 
the big machines. Others, for various reasons, 
see the subroutining display and its host mini 
as needing the tender ministratious of « big- 
computer via some sort of communications line. 
There ere various reasone for holding this en- 
tirely legitimate view. People who are devoted 
to the high number-crunching capacity of big 
computers, or to languages which require great 
big computers to run in, have a right to their 
opinion. Moreover, it is currently feasible to 
store large bodies of data only on big computers 
> not because big disk and tape memories can't 
be easily attached to the small ones, for they 
can, but they usually aren't; and other ways to 
tie minicomputers to big stores of data aren't 
available yet.) 


Subreutining displays ofien have commands 
allowing them to display text as well as lines 
and dots. In the display of text they can use 
the same technique of "moving the picture” by 
starting its display at successively creeping 
points; this will cause, say, whole paragraphs 
to slide on the ecreen. The importance of 
thie feature in the displaying of text cannot be 
overemphasized. As more and more people have 
experience with displays of different kinds, they 
ere beginning to realize how confusing and die- 
orienting it is for a ecreen to clear and be filled 
with something new to read. You don't know 
where you are. On subroutining displays. 
moving the text can give the reader the same 
sence of orientation he gels from turning peges 
-- an important thing to replace. 
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{It must be stressed here that, Just a9 com- 
puters themselves have no fixed mode or atyle 
of operation, neither do computer dlaplaye; and 
so the purpose of such devices is simply 








HELPING PEOPLE SEE AND MANIPULATE 
PICTURES AND TEXT 
IN ANY STYLE, AND FOR ANY PURPOSE. 


Since pictures can be of anything, and text can 
be about anything, thie effectively comprehends 
the entire mental and working life of mankind. 


Many readers will ecoff, supposing that 
computer display systems will always cost tone 
of money. This is not the case. You can al- 
ready gi beauty, with its minicomputer, for 
as little as $13,000; and this price should fall 
to three or four thousand within a few years-- 
a8 soon a6 the minicomputer manufacturers realize 
thal the market frontier Is not in the office or 
factory, but in the home. But we're getting a 
bit ahead of ourselves here. 


TYPES OF SUBROUTINING DISPLAY 





Some early subroutining displays used a 
screen-dotting technique, but took the burden of 
it off the computer itself: it would extract from 
core memory the instructions telling it to draw 
individual lines and show text. (1 refer here 
to the DEC mode] 338, introduced about 1965; 
this attached (o a PDP-8 computer (eee p.fJ) 
and cost about $50,000 including the computer.) 
Others drew lines as straight zips of light across 
the screen; an example is the IBM 2250 display, 
introduced about 1966. (The model 1 of this 
device buckled directly to the 360, and cost, I 
belleve, eomething like $75,000; its successor, 
the model 4, buckled to their 1130 minicomputer, 
the package costing some $150.000, and then 
you were supposed to attach It to an IBM 360.) 
The 2250 was a good machine, but in perfor- 
mance suffers greatly from the restrictions of 
the 360 computer itself (see pty ). 


DA25 


These earlier machines are belng replaced 
by new versions with better-designed instructions 
(see "Computer Architecture,” p.32, for a sense 
of what well-designed instructions are). An es- 
pecially Mine unit is DEC's GT40, which buckles 
on the exceptionally Gne PDP-11 minicomputer 
(sce p.%). The GT40 is illustrated nearby. /p%!) 
It _goes for some $12,000 including the computer. 
(That's today, we repeat. Consider not the price 
at this instant, but how fast it's going down.) 


The units mentioned above are of the most 
basic type: "two-dimengional." whose pictures 
al any given instant correspond to Mat drawings 
-- but, of course, derive their excitement and 
magnificence from their capacity to interact, 
change and animate what you are looking at. 


WWE BNID'S CHES confaves on pe DSO. 


Saltertand's SKETCHEAD 


Seldom hae an event in a new field had as much power and 
influence ae what dour Iven Sutherland did ee @ young man ‘the 
period 1960-64. a) 


The SKETCHPAD eyaten, which was basically hie thesis vork at 
MIT, wae at once inventive, profound, overwhelmingly impressive 
to laymen, and deeply elegant. Simply for the universe) influence 
it hee had in the computer field, it deserves our close attention. 








Sutherland was one of the firet people to understand the use 
of the computer in helping people visualize thinge that veren't 
fully clear yet-- the opposite, of couree, of the conventional 
notion of computere. While computers had been made to do animations 
ae early as the forties, and computer graphics had been put to vork- 
aday duties in che old SAGE syetem (defending us against bombers io 
the fifties-- remember the good old days?), Sutherland turoed com- 
puter display from an expensive curiosity into a true dream machine. 





SKETCHPAD ran on the 36-bit TX-2, one-of-a-kind experimental 
machine ac Lincoln Laboratories (a military rch place nominally 
@ part of MIT). It had a display screen, light pen and lots of handy 
switches. 





SKETCHPAD wae baeicelly a draving system, But rether thao 
eimulating paper (as some people might have done), it found splendid 
ways Co take advant. Of the computer's epecial capabilities. 








In the Sketchpad em, Sutherland looked for ways that a 
responding computer dleplay acreea could help people design things, 
He pioneered methods of drawing on screens, with such techniques 
as the “rubber-band line” (a straight line on the screen, one end 
of which follows your lightpen while the other remains fined), and 
the “inetance"— a subpicture stored in core memory which could 
appear numerous times and waye in a larger picture). 














This picture vaguely 
simulates the "instance” 
facility of Sketahpad, 
by whian an overall 
picture may be created 
out of repetitions of a 
single master pattern. 





" Simulated with GRASS 


] 5 language (see p.31). 


The wind-bloving thing about Sketchpad wae the way you could 
nd manipulate the picture on the screen, with all ite parte. 
all picture could be constructed out of a hundred copies 
of a basic picture; then a change in the basic picture would La- 
mediately be shown in all hundred places. Or you could expand 
your picture until 1¢ was effectively the size of a football field 
(with you looking at a tiny view in the handkerchief-eized ecreen). 
Or you could draw meshing geare on the ecreen, and with the light- 
pen (and through the “constraint” facility) make one gear turn by 
turning the other: 





move 












on some part of the overall stored picture complex. 
could move or manipulate various parte of the picture on the screen, 
but the parts that had coi ints could only move in cartein di- 
tections, or according to c In formulas, or dragging other 

parca along, etc., a8 specified. 








This was a profound idea, because it meant that any rules for 
the manipulation of particular objects on the ecreen could be added 
to Sketchpad ae particulars within the larger program, racher thao 
having to be programmed in from acratch. 


(One extremely interesting aspect of Sutherland's thesis, which 
most people seem to have d, dealt With dieplaying # structure 
of constraints: that 1e, showing what elementa depended on what 
other elements, in a highly ebstracted diagram that the em could 
show you. This form of display has remarkable poesibiliti 











After his brilliant SKETCHPAD work, Sutherland wae aade head 
of ARPA's computer branch (see "Military," p- 5% ). There he vas 
involved in many of the computer funding decisione of the late 
eixties, which contributed to the impetus of computer display. 
(Hie predecessor, Licklider, had been # pioneer in time-aharia, 
much of the forward movement in the computer field in recent yeare 
gay just have had to do with the strategic position of those tvo sen 
when they were at ARPA/IPT.) 





Sketchpad vent on as a continuing research Cradition at Lin~ 
coln Labs. Timothy Johason, for iostance, madi version of it that 
allowed the drawing of three-dimensional object this became the 
forerunner of the various three-dimensional line systems described 
hereaboute. 





From ARPA, Sutherland weot on to the Univeraity of Uteb, 
whence he slipped off with the Computer Science department chair 
man to found the Evane and Sutherland Computer Company, makere of 
the top-of-the-line computer display systems (see p. M3? and ppAS})- 


Sutherland's work hes shown sn elegance and {nventivensse 
outstanding in the field. (For instance, I belteve one isoue of 
Communications of che ACM had two unusual articles by hia: one le: 
seribing an eccentric "Chinese auction" system worked out for 
scheduling use of a computer, which benefited users more thao i 
previous method; and the infamous "Great Whee) of Karma’ article, 
where he compared the design of graphical couputers to the Hindu 
syatem of reincaruation— if you keep adding desirable features ba 
the deaign, soon you have another program follower aod another c 


puter in the same box— over and over.) 
404 
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Conturee Movies 


How do computers make movies? 


Well, first of all, computers do not make 
movies unless thoroughly provoked. 


In fact, only people make movies. But 
computers, if sufficifentIy provoked, will do a 
lot of it: enact the movie and photograph it 
frame by frame. 


There is no single method. 


All forms of computer display and computer 
graphics may be used to make computer movies. 


“Computer animation" is any method of mak- 
ing movies in which a computer successively 
draws or paints the successive individual frames, 
which may be done by any of the methods mention- 
ed in this book. Now, since there are numerous 
methods of making pictures by computer, then any 
method of making different individual pictures, 
in a succession oF Changing frames, is computer 
animation, So a "computer movie" is any film 
made by, or with the picture-making aid of, 
computers. 


In other words-- it’s no one thing. 


Now, there already exist hundreds, if not 
thousands, of computer movies. So far most of 
them have been on technical topics-- the mecha- 
nics of satellite orbit stabilization, the 
mechanics of explosions and so on. 


Here are a few stills from some other movies, 
more humanistic. 


BIBLIOGRAPI|Y 


Newman & Sproull, Interactive Computer 
Graphics. McGraw, 
This is the textbook. Anyone 


interested in Computer display 
should get this immediately. 


An expensive journal, Computer Graphics 
and Image Processing, comes From 
Academic Press. 

” 
Sherwood Anderson, ’ Computer Animation: A Survey. 


Journal of Micrographics, Sep 71, 13-20. 
Lists nineteen computer—animatlon languages 


of that time. 


Ken Knowlton, “Computer—Made Flims," Filumakere 
Newsletter Dec 70, 14-20. 


Instructions 


for the desired 
movie enter the 
computer as a 
deck of punched’ 
cards. 








Vintage Knowlton, using BEFLIX. 
(Thie language used the COM quite 
efficiently: dote were actually 
out-of-focus letters. ) 





Vanderbeek & Knowlton (uaing TARPS, 
vhich shows strong influence of 
BEFLIX, which it grows from). 


SOT 





Lillian Schwarte 


LILLIAN SCHWARTZ 


A talented artist with a feel for tech- 
nology, Ms. Schwartz has been working for 
several years with Knowlton and others at 
Bell Labs. Wer Films with Knowlton, mention- 
ed elsewhere, are marvelous. She now works 
at a more permanent setup, a minicomputer 
that runs successive images on a color TV 
screen, employing a modified form of Knowl- 
ton's EXPLOR language. The work is immediate- 
ly viewable. This allows rapid film con- 
struction, not previously possible when the 
work had to go through a slow animation 
canera before she could see the result. 


For Knowlton-&-Schwartz films contact: Martin 
Duffy, AT&T, 195 Broadway, NY NY. 





Schwartz & Knowlton. Using the EXPLOR language; 
they make pteturee and patterns acintillate and 
grow together. (EXPLOR in some ways generalizes 
Cormay's Game of Life; see P-48 and p. DULG 








JOHN WiiITNEY 


John Whitney is the ancestor of us all, 
probably the first computer movie-maker. He 
is also a gripping speaker. 


. In the forties, he built a special anima 
tion stand-- using analog computers, 


P Deeply concerned with music, Whitney has 
in his images emphasized rhythmic and contra- 
puntal movement of shapes and lines. 


Whitney films available from: Pyramid 
Films, Box 1048, Santa Monica CA 90406. 





John Whitney 
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John Whitney 


Lillian Semarta 
(with Henry Magnuski ; set 
DMs, 


RON Baccree’s Genesys 


pores ny Now there are dozens of computer anima— 

ploye @0guages— perhaps hundreds, Each one em- 

port the techniques of animation which ite de- 

that tan Wanted to use, tied together in the waye 

Language @Ppropriate to him. (See “computer 

aaine Bes," p. 15, and note Knowlton'e various 
tion languages, described nearby.) 





hae ane of the more influential animation systems 

andmatac Ron Baecker‘s GENESYS, a 2-dimensional 

Mrt* ON -system programmed in the late sixties at 
® high-security Lincoln Laboratory. (It used 


t rae 
seg 2 computer, mentioned elsewhere in thie 


i Baecker, a cheery and genial fellow, expressed 
nterest as a student in using the TX-2 for anima- 
tion, and was allowed to. The system he produced 
hae a number of lessons for ue all. 


GENESYS is a "Good-Guy" system,as discussed 
on p. I Meaning, in this case, that it ie 
easy to learn and simple to use. As argued elae- 
where in this book, making computer systems clear 
and simple ts often hard for the programmer (and 
may 8© againet hia grain), but is essential. 


PICTURES AND MOTIONS 


GENESYS makes the following simplifications 
of your movie: all images are made up of dots. 
They do not change as you watch; animation con- 
sists of the images either moving or being re- 
Placed. eel 


To create an image, you draw it onto the 
screen with a lightpen or a tablet. (As in the 
SKETCHPAD aystem; see p."27.) Parts of .the 
image may be changed until you're satisfied. 


wo 
SEPARATE 





Mewes “Ae 


Now, to create the animation, you do the 
same thing. Each image can be made to move on 
the screen; and the path of the motion may be 
drawn on the ecreen, through the picture area. 
Not only that, but the timing of the motion is 
controlled through the same diagram, by the 
spacing of the dots. (Baecker calls hie control 


diagrams p-curvee.) 





Lastly, sections of picture may be re- 
Placed by meane of the control diagram ( 
indicated in picture above). 





Laas 
Having created such an animated sequence, 
which is stored in symbolic form in the com 
puter ("digitally"), you can view it on the 
screen, decide what you do and don't like 
about it, and change any part of it. 


The basic elegance of the syatem is this: 
Baecker made everything work the same vay, 
through control by screen diagrams. He eimpli- 
fied the animation problem in a clear and simple 
way. 


Ron now teachee in Canada and ie into work- 
ing with PDP-1le. The resulte should be fun. 
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LYNN SaITH 


Lynn Smith is a young Bosto: i 
who has worked extensively with Baecker's 
GENESYS (see nearby). One result has been 
a movie which should be an example to us 
all: "The Wedding Movie for Bob and Judy." 
(Her Friends Bob and Judy were getting ‘ 
married, so she made this movie,a few mi- 
heh long and quite clever, to celebrate 


This is my favorite example of how 
computers should be used in the human 
world; it says more on the subject than 
any dozen articles. 


; (One question that remains unanswered 
is how a system like GENESYS could have 
been used for such a purpose, seeing that 
most people in the field believe GENESYS 
only runion the heavily-guarded TX-2 com- 
puter. Regretfully, I can shed no light 
on this here.) 





¢ Computer 
Output 
$ Microfilm 
devices ) 


are what you use to make computer movies. 
Basically they consist of a CRT and a movie 
camera in a box. 


Mostly they are used to put text on 
microfilm by computer, so generally they 
are not connected to a computer but run 
off magnetic tape. 


This turns out to be very annoying if 
you want to hook up the computer directly 
to the COM, and make movies that fill the 
frames spot-by-spot. For that you really 
need your own movie camera and a minicompu~ 
ter. (Movie cameras that can be made to 
start and stop by computer are called "pulee 
cameras" or “instrumentation cameras.") 

The society for people who make Movies by 
Computer is called UAIDE- (Users of Auto- 
matic Information Display Equipment— an 
obsolete title). It used to be a club just 
for companies that owned COMs made by 
Stromberg Datagraphix, but evidently it has 
now cut itself loose ahd become a subsidiary 
of the National Microfilm Associatlon, 8728 
Colesville Road, Silver Spring MD 20910. 


(NOTE: for them as want to make color 
movies, che two alternativee have been either 
to have separate primary negatives combined 
at a lab-- the “old Technicolor” process-- 
or to add a complicated color-filter box to 
a COM or other CRT setup. Such things are 
available commercially now, from Dicomed— 

a whole Color COM.) 


BIBLIOGRAPHY 
Computer Output Microfilm. $10 from National 


Microfilm Asan., above. Lists available 
COMs and service centers. 
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i 70 LIVES! 

anyway, tie vord tcaatf 

goes through changes in 

the Game of Life fese 

P- 44), ao programed 

or the PLATO ayacem by 

Panny Sleator, and piote- 
Peat? Beveen.) 











PLATO 1y the world's greateat conputer display 
systen.¢ 





Some 500 usera, at terminals around the world 
(but mostly in [11{nois), elmultaneously tie up to 
a big computer in Urbana, Ililnoie and savor inston- 
taneous pictorial and cext deliver fe on thelr bright 
orange ecreens. Diagrams, explanations, teete and 
even animation of a sort, flow almost without inter- 











Euption to the bright orange screens all over. The 
ayacem Ly extremaly responsive: de ing on what the 





‘various programs cai nd to 
ch pressing of a key, usually within » fraction of 
@ second. 





While Literature on PLATO ts copious, Le is 
hard to read and slightly salee-ortented. Cue a (-v 
ainutes’ intercourse with a PLATO terminal oakce 
anyona an enthuslaet for the eysten. 








» PLATO Le the brainchild of Don Bitzer, a U. of 
ILlinole engineer vho has devoted over a decade to 
its creation. Michael Scriven, no slouch himself, 
hae called Bitzer tc men of our time." 
Bitzer te 











crew-cut, huagy 
around the world demonstrating, lugali 
t terminal along. When you eign on the 
you may be informed that Biteer im at that 
ment demonstrating in Paris or Tokyo. This 
ling dog and pony ahow," a6 PLATO ecaffers call it, 











haw created ave and excitement wherever {t goes, and 
where the been strong enoup’ te generate Boney. 
teeee you vill now find PLATO terrd cals. 





TE you have o PLATO terminal-- "you' presumably 
being a school or other favored institution— you can 
in principle log onto PLATO from anywhere in the world, 
though most cerminals stay in one place. There 1e one 
main network, conaieting of # big Control Data compu- 
ter In Urbana (the model 6600; see p. 4! ) with ten- 
drLle extending out into the phone system and the 
@ducational TV cable of the state of Illinols. When 
the Urbana eyecem Le "Fi and fully loaded, Le 
will have 1008 terminal! ¢ already spoken for, 
‘The PLATO terminal is a totally unique animal (wee bi 
manufactured (al) too slowly) by Magnavor, incorpora 
ting a terrific plasma panel bullt by Corning. (The 
plaxna panel was invented by Bitzer, and even though 
much of PLATO publicly funded ny 
rich from ic. We said he vas a 


















reat politic 





* In terms of high performance for lots of users. 
Various oyatems (described hereabouts) offer 
more power, but at huge cost. 


g——__ + 


As a first taste of interaction 
on a graphical couputer systeu, PLATO 
can be a tnriiiing mind-opener-- es- 
pecially to people wo tink computers 
can only behave loutisnly or through 


Cot printout. 


municates only vith PLATO 
PLATO terminals, because of 
communicate only with it, 
design and partly because 
Aocerface. (See diagram of 





‘A PLATO terminal costs about 
64000 and 
a popular seta at 25000 to the neat few Neeita 
you i" 
taro ae oe th ate th eet Bata tw 
Isto uate tat Spt nt ste alas anes oun 
Ny if 
doreans' to Sat ihe eget in ccopabes 





Ts tt really unstoppable? Educations: 

Service, of Princeton, 18 conducting rs slsborste 
fectivaneas Evaluation of the PLATO aysten, presumbly 

whether it should live or die (oo 
funds). But vith eo man; raat 
y terminals Lo the {1 - 
ready aod 40 many man-yeare already gone Toto tee sven 
tion nd che saing of Teeartale for te (— the ghascly 
ng” seems the: 
to believe PLATO could rand ree oie 





Eapectally considering that two 
now being put together: at Lowry Aly Fores aace Ceatee, 
rado) and Florids State Univereity. That means there 
will be whole other computers of the (COC 6000 seri. 
Funniog the PLATO Honttor and shepherding PLATO macer- 
fale to usere at PLATO terainale, voconnected to Ur- 
Dana, one for Lowry AFB and one in Florida. 


And it won't end there. 





Contro) Data, vhose vested interest in the 4; 
tom (though they didn't pay for ite creat, or 
move, ie said to be projecting Sees aaee 


ONE MILLIOW PLATO TERMINALS BY 1980. 
Another aign in the wind: Montgomery Ward has one. 


Nov, to call the PLATO aystem @ “computer grepb- 
ice” ayatem aay seem somevhat odd to people wre teen” 
de in another gulee, os a ayetem for Comput “Assleted 
Instruction (called CAI). But as the author does not 
Like CAL in general, at least as it's been golng-- 
ceo p.7Ray-- and rather likes PLATO, I prefer co dea- 
eribe it as 1 prefer to eee it. 


Nevertheless, to understand PLATO properly ve 
had better consider vhat the people have been doing 
An cerms of what they think thay have been doing, and 
offer any amendments or restatements later. 


“OPTIMIZED FOR CAI™ 
PLATO stands for “Programmed Logie for Automated 


Teaching Operations," and has been billed (and sold) 
syatem for sutomated (natruction. 





te most PLATO fanciere vill tell you, “op- 
timlzed for instruction.” (“Optietzed," in computer 
talk, means “just what scmebody says you need for & 
specific purpose.”) As with eny system, the leaps of 
faith batveen ite basic design premises have become 
Le by airport beacons; clearminded individuals with 
alternate views have difficulty asking cheaselves 
understood to some PLATO enthusiasts. But the most 
basic underlying feat 
PONSE, cannot be quarreled with. PLATO can reepond, 
as already mentioned, to a single key-presalng by a 
user, almost idstantly; this feature 
possible, say, on IBM systems (but 
This responsiveness ls the systes's x01 


















Because of the nead for high responsiveness 
was decided that all usere had to have their partic- 
ular programs (' jones") running in core 
Elme. That mesot there would be no eva 
js from disk memory), which 
ys (if a let of people need it 


















once): but 
to be 1. Large 
which would have to be moved in 
from disk, are not alloved; rhus each lessoo Le basle- 
ally a Little love-neat that must generate {i 
action, Hence there is a0 emphasis on litt 
to respond various vays, rether than text vhich may be 
read in quantity. 











Partly because large amounts of tent cannot be 
a Lhecle PROJECTOR 19 40 tbe ter- 
tiny microficha, or microfilm sheet, 
small enough to fit in the pala of your hand. 





IE 9 PLATO author deems it necessary, he requires 
for his lesson, not Just the use of the keyboard and 
plaema screen, buys microfiche as well. Tha student 
must put the microfiche in place vhen he starts che 
lesson; aignals from Urbana (or vherever) thea Jump 
the projected image among 256 different imagen, (0 
Teaponse to vhat the student does. 





Now, PLATO people are not doctrinatre about how 
thelr system is to be used. The plasma acreen can be 
continuously showing Litcle decorations along with 
che ceachiog materiel. The microfiche could be show 
ing irrelevant vorks of ert or travel eceuas. These 
are all facilities at the option tha PLATO author; 
‘at his beck and call, Lf he chinks his program or 
lesson needs chem, (But it's very bothersome to heve 
the microfiche made-- an Important difficulty.) 








Every terminal has the screen, the keyboard, 
and the projector. Other options may be added, bow 


evert 
. a4 , Tote is s transparent 
, Bee over the plasms scrom 
aod reporte to the mein comput vhathet 
it has been touched, and vbere. (This 
allova (iifterates, especially kiddies, 
to use the syeten vitbout typing.) 
. The ko. disk. Thies sllowe ss 
; Ma te reepeed with sound, tocluding 
conned vords, te tha stadt. (It dows 
not actually hesize tha sound, as 
dlacusned of we » ead 
J. The gasers) Lack. 0 be contul 
3 tee Pershing. this is a coonector 
socket that will sead and recelve date 
frow any other device— provided you've 
got the right interface. This allovs 
1 kinds of other rites} beg hal 
keyboards, to be lor stadent 
soe: ‘Or oucput (like gum-ball machiows.) 

















Letion oo qusm- 
Actually, except for tha restr! 
tities of materisl that cao reach the tadeat, PLATO 
fe a0 extremely generel system. Despite ibs vite 
convention of calling all cser progrape “lessons >, 
despite the odd stipulation tbac 41) setve are\callel 
ther "ecuderts” or”authore™: and despite 

oy PLATO spokermac thar PLATO ie eot a generel-purpae 
system; actually, it t#- 











trask on che disk for the reply. 


Tem haréusrs was designed by Bitsar. The soft- 





the TOTOR language, Pen) Temcear’s creation. 


Tea TOTUR Language cas bast be umlerstoo! as 
® fesction to Courserriter, mother CAl Lamgpage 
offered by LIM om its 1500 lastractions] Syetan, %,,, 
Comreauriter's original intent mee 
to enable som-computer people, expactally tacchars, 
Co create dctll-and-prectice imtrectional lesemue 
Coughly of the type Abed 





weer te 3K ST 


Aes 10 ito 
EUS la} yae en 


Ovriowsly, by changing tha mabers and pushing the 
kid om types of problems te hama't essterad, the 
Computer can patieatly bring studance to mastery of 
Flows simple akille, diegnoeing weskmascan amd 
Fesaing the individnal stedest's problems. The 








difficulty Le thet attanpciag to extend this aethed 
out of the very simple has grest pitfalls and sy 
aot even be worttshile (eee pp. RM). 





@leation before things had bene . 
1s sot to blame for Coursevriter's daficteactas, 
they ware Just trying to mis « buch; but because 

@ lot of scared people belleved Courserriter was 

the way 1¢ hed to bt, the evolotionsry Laprovesmt 
uss] for computer Languages dida't have Claw to 

an egregicns cuission: Coursewrit: id woe 
allow the author mich acceas to tha computer iteelf. 
That {6, programa vricten for mmerical calculation, 
say, could mot be brought into instractions! mater 
fale at a sophisticated level. 





Tenceat's TUTUR changed all that. It has both 
1 







ed in computeremn's comtroversias and dogm, 
desigam! 9 Lenguage of grant power and epemdy 
iu utcerly strange to computer people, offers vartous 
brilliant festures, and is in ecm reapecta quite 
{rritetiog. It loots very staple to the user but 
beyond a few deceptively simple tactmiques, it has 

to be learuaé ie considerable detail to do amything 
Interesting. (See bon, “LIF btw & Tot 7°, wait rope) 


Tale tole has, of course, bows simplified. Bit- 
eer and Tenctar did not work alons, bat rathay ware 
leaders {0 9 seething cammalty of dorens of amrt 
people vork: eon the project. It bes 

rt, and tems 








now— Ready end Vorking. 


Project PLATO sow extends far beyond its original 
Originally a felrly tight mecleas at the 
Camputer-ased Education Research Laboratory (“CEEL") 
at che D. of Tllisoie in Urbana, the c: 7 of PLATO 
cow sprawls ovt through ite Linas to a larger coustit- 
urccy, the PLATO commmity of asers. 











(Indeed, this extended Repablic of FLATO— the 
syatams peuple (teu p- YS) in Urbana, the authors 
and locals-ie-charge throughout, tha uetvork— comett- 
tute one of the maddest ronkeriee of campat 
to the world. Where alee would pou find 
systems programmr vio"s had his job for two yeara? 
Viere else would you eee people fal] Ls lows over the 
Talkametic (e PLATO program which allows you to have 
written conversations with people at other terminals, 
wharewar they aay be) only to clash view at Last 
Chey meat ia person! Vere else cam you play 0 amy 
differant games with faraway stranger? (Se0 Bas.) 
Where eloa can students anyvbere in the network sign 
tuto amérede of different leseons in different sub— 
(woot of thm Cacodp: 


























Duforiemately, there are so may leareers, and 
eo fev MLATO toruiansle, that ome of the terminels umat 
tow be feiviy atrictiy comtrolled. (The sight terutaels 
at tha Delversity of Iilimole at Chicago Circle, ac 
whlch mmet of these picteres weve taken, generally work 
an eight-tour dey.) The time wae viem people conld 
Just mmlk is, sit éowm at « termina] aml do what they 
liked; mow, eadly, each aoor amet heve on “occoumt” 
and a pasoword. 





bet the cabble is bowling of the gates. lany 
profensore mmmt to um it te tehe rete supects of 
teaching off Chelr hechs; and the conpeter tums and 
stedante mmmt to pley the PLATO games (me bas) amd 
tinker with om Lateractive system of its peat oud 
Jescfommmmes. Gut moat of them will hewe te walt. 











PLAIO's ewrvices ore “fren,” fov um. That ta, 
Af pour echool tme PLATO Cerminels, amd LF (t will pay 
for the icottene Mame, THES the enrvicee of 





the central commter are “free"— the Sas teual Selous 
Pommdation is bankrolling ite eperetion for s comple 
of years more. Teme, tango, PLATO cumtral amrvice be 
Comes ommeching thet bee to be pald fer tan. 








01,50 om tear, the sams oo gunwral tine—cheving ono 
Fer-10 (nam p. VO) 


if 
E 





PLATO GAMES 
| = 





Moomaar on a Saturday in Urbana. 





And our doughty varrior looks to the 


Another charalng game, | dan't know by whom, Is 
called candy factory. Here too the user may control 
the animation of the plctore by what he types. Ma- 
chines are seen to manufacture candy, box It and 
ship It-- depending on what buttons you press. 





Some gomes are played between people who sit 
together before a single PLATO terminal, often with 
teaching Intent. Such games Include the hop game, 
where Bunny (you) and Frog {your friend) add thelr 
way along 8 board with numbered squares. Older chil- 
dren can dig How the West Was (142)% 3, which Involves 
grouping the numbers you get by chance to try to get 


ahead of the other stagecoach. 








THE “BIG BOARD" GAHES 


. StL another category of games, though, awalts 
the adult who craves real excitement. Because PLATO 
has so many terminals, all over, there ls a curl 
combination of anonymity and Intimecy between users 
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The Navigation part of nova is 
already working, Te get, arowd 
you need instruction; here ve 
are at the Training Center. 


Daz] 


View from your Fova spaceship in- 
eludes perspective as of hare 
you are among billions of stare; 
and your various controle. 


at the other guy by specifled angles as you atand 
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$y be 7 : ; I ters). In addition, 
ree man-to-man anong on Bie eratere; pig Beard fer more chat langere. (-- much Hike the curlous Nonex!stent Phone Numbers mk ape what sist ibe swocof tensors oun 
a aut he wiknown LATO games. of Paris; In the French phone system, people calling Space-war games anywhere, (et ght 
adve: the same nonexistent phone number can talk to each Vulcanians, KlIngons, etc.) seek to cantro) the gal- 
other; Serenge blindfolded encounters occur at the axy) and nova (simulated navigation among allilons of 
ime Sua “env: pte kacdcoe he wleney Mater of he Dey: serge by PEE OE moves Sonat lows different stars and solar systems, al} of which may 
‘Sane they srk je result in people really getting together...)... be re: all of which are different...) 


when the Author gets tired of Authoring, or the 
Student of Stewing, Just around the corner, a few 
keystrokes away, are diversions and games to boggle 
the Imagination. 









You can go to 8 program 
look at "the great roses!’ jaborate curl 
erated by mothematlcal patterns that appealed to the 
authors of that prog: or find, also tucked In rose, 
Conway's Game of Life (see writeup, p. 46 











Anyway, the Blg Board games of PLATO have exac~ 
tly that: @ shared Ist, or Board," showing who 
Is playing the specific game. 





But you don't have to use your right name, 


In this Jaunty soclety of shadows, you pick your 
own nom de guerre, or Fighting name. This has quar 
erous jes: the most obvious Is that ss you la- 
Prove at play, you can shed the Identity In which you 








People who only play PLATO games occasionally 
have to sign an.by typing thelr names Into the big 
board. (They often get slaughtered by the regulars). 
Tro regulars-- hah. when they're signed Into the 
system, they have merely to Jump to a specific game 
for thelr fightin’ names to be posted on the blo 
board. A alghty ro | they make, too-- such great 
warrlors as yon Dave, zor, Fright pilot, AL 9000, 
Simpson, doc, THE RED BARON, The Rad Sweater, The 











+ and plc have been huml liated. Glant Pud, Fodzilla, tigress, enema salad, Conan, 
nearby). Siddhartha, wonder pig! » and EXORCIST. 
The main games with Blg Boards ere that old 
Then there are games you can play against the standhy, spacewar (rocketshIps wheeling and Flring (As those Insiders whe have autamectc sign-an 





system, Ilke racetrack ond blackjack, (These games 
let you win astronomical sums of money-- play money, 
forgotten when you sign off.) Remember, of course, 
that you're not really playing against @ computer but 


against 2 amscl fie Program, with Its quirks end 
shortcuts ani ind Spots. 


Then there are gamas you play by yourself-~ 
actually responding resources (see sp. sa it-H), which 
entice you into trying things out. Tenezar himelf 
has created two elegant, gem-IIke lessons, man and 
picto, which teach you computer programming without 
ever saying so. These two programs present the user 
wlth a !letle picture of @ man on the screen, and 
show him how the }ettle man may be moved around and 
mada to pick up pictures of balls. From there on 
the student may have hls way-- and is never told that 
he's learning to program a true computer language. 
(Though It bs @ quite restricted one, dealing ex- 
clustvely with Hlecle men and thalr excursions among 
balls and falling sticks) 














THE RETBONND ANY 


THE StRUCTORE OF PIATO-SPACE 





The PLATO keyboard. 
What looks odd and arbitrary to you ie believed by devout Platoniote 
to be divinely ordained. 


Welcome to the Hop Game. 





h other and s!iding around on the screen); 
ht. (biplanes wheeling and firing at each othar 
ng around on the screen), moonwar (shooting 


at 








PLATO often usea animated 


IS IT BETTER Yo Toor ? 


“A tutor who tooted the flute 
Tried to tutop two cutore to toot. 





Here it to Bomy's turn. 


Sereen 








instructs you personally: 
"Presa -NEXT- to epin, ermincrude”. 


to Big Boards write programs to do the sign-on, thelr 
arcival In a Blg Board game 1s often an animated 


The cutest trick Js THE RED @AROK's: It looks 








THE REO eanon none Mny ~ fm) 


le-works Ike this. For dogfight, the terminal al- 
ready ‘has stored (n Its tempocary mempry, as "char- 

the Ilttle pletures af alrplanes that are 
golng to buzz around the screen, So the Baron Just 
faliows his name with the code for thet spactal cher~ 
acter. 








One last point. No lenger can you slgn on with 
an obscenity: @ little obscenity-checking progres 
looks for the usual expletives, in case visitors or 
other priggish folk might be looking. But of course 
thla Is easy to circumvent by putting periods between 
the letters of your nasty word, or something similarly 
deceptive to the poor progray, 











TWAT EATR AOR SIY AR TERMINAL, —— 


THE CAVE OF 
PUTO, 


inkere , 


But ha avked through hie onoot: 
te it batter co toot IF nao Tost ue9 

Or to tutor tuo tutors to toot?” THE PUSMA SeWEER), 
cold just 


Folk ching 


The TUTOR language grew out of drill-and- 
Practice, for which 1¢ has a command specifying 
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PLATO IV- STANDARD KEYBOARD ~ * gcosens 5 cuaver ie co appear en the wer wht Ol Me fa mi 
hu a) ¢ |. 
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Language Gat) gp as 
einen crece | | | sare buae aroun parencunes and commie Be Ce ee 
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70 MOVE BETWEEN LESSONS, the baste action ta to hold down SHIFT and 
press STOP. {For further complications vee Ing-And-Outa diagram. ) 


wl A LESSON, basic aations are NEXT (to go forward or 
7 it the system it'e tee turn; BACK, which sometimes returns you to 
earlier points in the sequence of your lagson, ond siz stap-out-of-ling 
options, by which the author may permit the user to sidestep to ax- 
planations, enrichment material, or thinge out of sequence. 





the arrow coumand, but journeymen do. 
TENCZAR‘S CONCEPT OF A CONCEPT 


Much hae been made of TUTOR‘s facility 
for “analyzing the content” of wnat studente 
type In. Actually, of course, the computer 
does not “understand” what the student says 
(seo “Artificlal Intelligi PDN 12-1), 
but rather offers certain efficient tricks to 
the person using TUTOR to prepare presenta- 
tional materials. 








Basically, TUTOR's “concept” facility 
reduces every input word to a 60-bit code. 
The technique of reduction (called @ “hashing 
function") supposedly substitutes for any 
word of any language 4 code of 60 bits (see 
“Binary Patterns,” p. 33), which means the 
program in TUTOR can rapidly test a student's 





Cari 





You can vead che standard-size lettering off 
the screen at SIX FEET— even though it's 


WO BIGGER THAN PICA TYPE 
The incern 
ta highly capable. 
the 


A LINE ON THE SCREEN, or 
TWO STANDARD CHARACTERS 


TWO SPECLAL CHARACTERS ON THE SCREEN 





efreudtry that dem 
Receiving a 20-bit code, 
terminal itaelf deciphera it ss— 


ON THE SCREEN 
from ite FIRED character memory, or 


from ice CHANGEABLE character memory 
(which can be loaded with Russian, 
Arwenian, katakana, Cherokee or what~ 
ever— sven little pictures— at the 
acarc of the lesson), or 








PLATO'S RANDY XBTBOARD i¢ on a 
flarible cable, oan be vorn 


Anput for numerous different possible things. ‘A COMMAND TO THE MICROFICHE PROJECTOR, oF 
(the povar of thie technique will be readlly ‘A COMMAND TO THE AUDIO PLAYER, or 
recognized by computer people: unfortunately ‘A COMMAND TO WHATEVER'S LN THE GENERAL JACK. 





or "FANTIC SPACE’ (see p. 


es, bot Peet Thay are, righ handy 


PLATO'S IMPLICIT STRUCTURE 


0! . 
Bar ggter deos't yy ote thre fret in your lap. 















preens creat or pikes 


The original idea was evidently that there vould be a basic sequence, 
in whtoh NEXT and BACK would be the forward and back controle, and 
tha other eiz would represent Help for the Confused, a “Lab” allaving 
experiments, and additional Data tha student decides he needs. The 

three with Sifts simply provided a seoond option of each type. 


Bow the author might use thease, havever, was his am affair. 


"TERM" evidently was for when etudente wanted things Looked Up: by 
pressing TERM and the unknown word, the student would get a 
definition. "ANS" suggasted that it might also be used when the 
student ws allowed the option of being told the amor. 


Note the arrove over @,W,E,A,D,2,%,C. They allow the student to move 
cursors, draw, point directions, etc. Unfortunate confusion ensuse 
with tho left-arrey on the far left, used in programming (as in APL; 
see p. [3.) 


ERASE allove the student to correct his input; COPY helps edit and 
change things. SUP and SUB allay superscripts and subscripte; _ 
PORT MICRO is like a special akife key, going into whatever special 
font te currently stored on the tererinal. I have no inkling of what 
the little square means. 











there is no room to explain it further here.) 


‘Thus 4 TUTOR program pay contain “concept 
rehes™ that test whether a student types 
alther a desired response or numerous alter~ 
natives. While it may be etrange to call 
thie a “concept.” Lt ie 4 powerful technique. 


Paul Tenczar's TUTOR language, the pro- 
gramming language insida PLATO, is 11 
other programming language (see pp. 1 
intricate, and unlike its results. ‘That is, 
@ program beare no gore resemblance to what 
1t does than the word “cow” looks like a cow. 











PLATO is 4 system for canned presentations 
that respond to the student. Students need 
not know TUTOR. Anyone out to prepare such 
Presentations must learn it, however) and the 
attempt haa discouraged many. 


Tenczar is 4 former biclogist, and had no 
preconceptions fram computer orthodoxy to bind 
him Ln the design of TUTOR. Thus the lan- 
guage Is very original. There is only room 
to raise the following points: 


To learn the firet steps in TUTOR-- how 
to set up drill-and-practice lessons, for in= 
stance— is unusually easy. 


To do anything complex, hovaver, requires 
you to learn the bulk of the TUTOR language. 
Thus when people say TUTOR le “easy,” they 
wean those first steps. 


TUTOR ie not Extensible, like, say, TRAC 
Language (see pp. 18-19) or GRASS (see p.™™3{)- 
That is, a programmer cannot customize the 
language with new compound functions of his 
own making. Steps are being taken to correct 
this: meanviile, it 1s said that the Urbana 
People can be persuaded to put in new comands 
others want for, a.g., chocolate chip cookies. 





AUTHOR'S PLATO -SPACE 
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can be turned on (ora 





off (black on orange). 





ol endy i) 
areved hes SyRa, 


mish? be aarer, (er ‘hates,*> mys) 


Shee wey 




















WAT THIS IS. 1 briefly visited Alfred Bork's CAI shop at the Universi . . 
at Irvine on a consulting basis. Bork is a really swell aye Den Aete deters 
Dialogue CAI-- that is, to teaching programs that have pseudo- conversations se 
with the student. (As I've said variously already, the pseudo-conversation part 
are not only expensive and difficult, but sometimes irritating and objectionable, 
and happier, zippier, simpler techniques are available using various techniques of 
old-fashioned showmanship-- as from movie-making, writing and (here) the conic book 


ONE 


HTERCOMES, at 
53 


we 


This is ay reply to Bork's question, “Well, now would you do it?” 


This ties into Bork's physics display systen, That is, it's intended to be a front-end 
progran (see p. 13) on a Tektronix graphics terninal (see p. DM7 and DM 20-25), 
leading into a sinulation progran (see p, $8) allowing the user to see all kinds of 
motions in physical law. The progran it's intended to supplant uses dialogue. 


















(as of motions) simply 
(Xerox of a Xerox). 







WAT IT CONTAINS: introductory remarks; statenent that physical law 
summarizes constant covariances. Sorry if readability is poor 
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WIER-COMICS. 
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You will note the artistic problem of composing cumulative animation for a display screen. 


Some people have accused me of trying to be humorous. Obviously nothing of the sort was 
intended, Research supported by NSF grant no. GJ296 (but “Mr. Natural" character 
property of Robert Crumb). 


Homage to Robert Crumb. 


BIBLUIGRAPHY: for comic technique, study the works of Crumb; also, comicbook stands are 
currently featuring reprint magazines of TIE SPIRIT, which is some of the finest stuff 
ever done. Also study Waily Wood in the early MADs. 
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THREE-DIMENSIONAL LINE DISPLAYS 


So far we've discussed the two-dimensional 
subroutining displays. However, things do not 
by any meane stop there. A number of people 
in the early days experimented with techniques 
for drawing line pictures by program; the ear- 
liest of these used plotters, output devices that 
let the program draw with a pen. Bul interest 
soon grew in the possibility of interactive three- 
dimensional displays on ecreens. Johnson's 
Sketchpad 4 did this enUrely by program. But 
as night follows day, people set about putting 
these techniques Into hardware, creating devices 
that would automatically show things in three- 
dimensional views-- allowing the viewer to 


rotate views of nonexistent objecis as if they 
were on unseen turntables, = 


The views we are talking about, now, co 
sist of bright linea on a dark field, and so the 
"objects" we are talking about are called "wire- 
frame" objects-- they could effectively be made 
of welded wire. But now we do not have to 
build them physically to see them. 





Basically a three-dimensional system of 
this type stores the lines as coordinates in threes: 
endpoints of lines in a mythical (hree-dimensional 
space. Each point's location in the space ie told 
by three numbers (example showing a house 
may be seen on p. ; @ line in @ space ia 
represented in the data structure by two such 
points, and a code or something tying them to- 
gether. 





8a penman, draws lines 
from a list stored in core memory. In a 
three-dimansional system, the hanic 
list of 3-D coordinates is converted 
to a list representing a particular 
he result looks 
wire frame. 





The second program follower in such a 
device behaves much as it does in the 2D system, 
but with certain addilions. Like the 2D system, 
il proceeds down its own program one step al 
atime. Like the 2D system, it finds in its 
program the coordinates of a line to display and 
creates electronic signals representing ils end- 
points. Bul it does not display these directly, 
since these are three-dimensional coordinates. 
Instead it routes these signals to what we may 
call a view calculator, a particular piece of hard- 
ware that has been primed with the angle from 
which you want lo view the object. This view 
calculator, aulomatically and by mysterious meens 
which vary among machines, produces the view, 
and its signals go to the screen. 


Let's say we want to display a point. The 
display's program follower pulls three numbers 
from ils displey list and notes the code thet says 
it's @ spatiel point and not the end of a line. 
These three numbers slide on into the view cal- 
culator, already primed with the angle of rote- 
lion; and the view calculators figgere where on 
the screen that point should be displayed. The 
coordinates for the screen-- lelling where the 
point goes in the desired picture-- go to the 
screen controller, and the point is brightened. 


How are these coordinates calculated? 
Well, some commercial units do it electronically 
Cin analog") and some do it symbolically ("in 
digital"). The resull is the same. 


(if you want the equations for thie, they're 
in the Newman and Sproull book.) 


Then how does the view calculator handle 
a line? Same thing. 


The program follower pulls three numbere 
from its display list and notes the code that says 
it's a line, so il takes three more. Then the 
view coordinates of both points are calculated 
and fed to the screen controller. The screen 
controller now has two points on ite screen-- 
eo it draws a line between them. 


The firet device of this cype was, I think, 
the so-called Kludge (pron. "Klooj" computer slang 
for a ridiculous machine, but in this case applied 
affectlonately) built at MIT's Electronic Systems 
Laboratory in the early sixties. Thie device wae 
@ one-of-a-kind, built out of DEC circuit cards and 
hooking to a bigger machine, The ESL Kludge shoved 
vividly how good it wae to have instantaneous view 
calculation under a user's control. 





The first of these syslems bd Spy 4 
commercially, | believe, was the "Adege , 
made by Aaace: Inc. of Boston, which used their 
unusual Ambilog computer (see P- 4D to rotate 
objects on the screen. I vaguely recall that il 
cost about $80,000 with computer but withoul ac- 
cessories. 








Actually Adage had a tremendous lead in 
this field, but they let it slip for some reason, 
and have now tost it to two firms: Evans and 
Sutherland on the high end, Vector General on 
the low end. (But of course thinge keep chan- 
ging.) 


The Evans and Sutherland Computer Com- 
Pany was founded in 1966 by Ivan Sutherland, 
creator of the masterful Sketchpad system, and 
David Evans, chairman of computer science at 
the University of Utah. (For a time both held 
appointments st U2 at the same time, but now 
both have left the university to devote full dime 
to thelr dream factory in Salt Lake Clty.) 


Thelr first product was an extraordinary 
piece of hardware called the LDS-1, which they 
said Innocently stood for Line Drawing System. 
(To anybody from Utah, however, LDS means 
Latter-Day-Saint, and don'! you forget it. Evans, 
indeed, is a Mormon, but I've been told it may 
have been Sutherland's sense of humor that 
chose the acronym.) 


Tt should be pointed out that @ special ad- 
vantage of digital perspective calculation Ie that 
coordinates can be read back by the com- 
puter, and serve as new data, if you go for 
that sort of thing. 





The Adage Display Is isometric, meaning 
that lines do not get shorter as they get farther 
away or longer as they get closer. While this 
is marvelously impreaslve, most people want 
real perspective; and it was this that Evans and 
Sutherland set about to make avallable in real 
lime, i.e., In direct response to the viewer's 
actions. 


The LDS-1, weighing in at half a million 
dollars or so, buckled to the PDP-10, a big 
36-bit computer from DEC (eee p. YO). Its 
view calculator worked symbolically (digilally). 
and thus could work to the higher precision 
necessary for true perspective calculation. 


Among the exciling demonstrations that 
you can see sitting at an LDS-1 are a map of 
the United States you can zoom in on, bringing 
you in to a map of New Jersey, then Allantic 
City, then a specific intersection, all in one 
smooth continuous motion. Also a simulated 
lending on the flight deck of an aircraft carrier 
-- with you flying the airplane, so you can 
ge over it, to the side, into the drink or straight 
at the carrier. In all cases the ghostly ship 
will move, turn and change perspective on the 
screen as if somehow it were really there. 





Several LDS-1s were sold. 


Meanwhile a little new firm of young guys 
in Southern California, Vector General, came up 
with @ line of terminals Like the Adage line, ex- 
cept that they could buckle to the 16-bil minicom- 
puter of your choice. (In practice most of them 
have been attached to PDP-11le; see p. 42.) 


The Vector General display le isometric, 
and makes ite calculations in analog, like the 
Adage Dieplay. It has been very successful a- 
mong both univerelties and private corporations. 
In addition, a highly interactive and well- 
designed language is avallable for the creation 
of data structures representing 3D objects, as 
well for general-purpose programming and the 
creation of whole environments. And it's free 
to individuals or companies that have Vecior 
General displaye attached to PDP-1le. (See 
"Coup de GRASS," p.4'y.) 








But wait. Evans and Sutherland has now 
dropped the LDS-1 and given us-- no, not LDS-2, 
but something called The Picture System-- also 
built onto the PDP-11, but this one works sym- 
bolically (digitally) and in full perspective. The 
price starte at elghty grand. 


Since the Picture System works out of the 
PDP-11 core memory, the commands it follows 
are 16 bits long, since that's the size of a slot 
in PDP-11 core. But wait. They've designed 
the thing to convert to 36 bits, so that coordin- 
ales are moved to @ private store or buffer be~ 
tween the program follower and the display. 
This means the display can zoom and zip around 
in the scene without bothering the computer. 





Pore Geller 


testbed nda, <I) 


A reveble. 





Another important feature of The Picture 
System: it will do, not just ordinary perspective, 
oul such weird view calculations as wideangle 
barrel distortion, pincushion distortion and 
similar stuff. 


Sutherland 
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INTERACTIVE ROTATION 


3D ecreens— aside from their fun and excite- 
ment— allow people to understand and work with 
complex 3D structures without having to build them 
physically. 


The understanding, hovever, comes from being 
able to turn and manipulate the structure on the 
screen. If you can’t turm it you can't really 
Perceive the 3D atructure, becauee the arrangement 
of lines could be anything. 





However, systems like the Adage and the Vector 
General and the Evane and Sutherland devices allow 
you to turn thinge on the screen ee easily if 
they were on turntables behind a pane of glass. 
That's how you eee, you 








This in tion is what makes computer dis- 
play eugur a new era for msnkind, if we're lucky. 
(It's also why we use the term computer dia: 

im thie book, rather than “computer graphics,” 
@ince people who make computere draw with pene are 
also doing "computer graphice"— a related activity, 
but not one to change the world.) 


YY 


UNFORTUNATELY, just to get through the basics, 
there is only room to discuss stick-figure 
graphic display here, But curved surfaces 
may also be depicted, though usually no! 

actively. See below, 





nter- 


and pp. 5432-9: 






Drawing by Ruth Weiss’ BE VISION program, 
done at Bell Laboratories, mid-sixties. 
(© Walt Disney Productions.) 


Thie program represented truly curved 
surfaces in ite @ structure, as 
“quadric surfaces"— that is, invol- 
ving powers of two in che math-- and 
caleulated the visible lines cangent to 
the edges from the viewpoint, chus drav- 
ing the Removing the bidden 
parte of the curves fs of course one of 
the greatest problems. (From Ruth A. 
Weis, "BE VISION.“ JACM Apr 66, 194- 
204, p. 201. 


—~\—— 











Evane 


Courtesy 
U. of Utah 


The rules of perspective have been under- 
stood elnce the Renaissance. In olden computer 
times (up tll about 1065) people used to do 
three-dimenslonal view calculation by angles 
relative to a three-dimensional data structure. 
Then Larry Roberts at MIT noted that there was 
& more appropriate mathematical method, long 
moldering in obscure texts. The idea is thie: 
if you add an extra dimension to the data, It's 
easier to program. It's easier because it be- 
comes a simple mairix multiplication, which has 
no commonsense explanation but ie important to 
mathematicians. 





SO that means that to calculate views of 
three-dimensional objects, the most usual way 
ie now to add that extra dimension. Instead of 
having a polni in space whose position Is 36-24- 
36 (in some set of three-dimensional coordinates), 
another arbitrary number is added to make it, 
eay, 36-24-36-1. 


It seems that in the mathematics of multiple 
dimensions, it comes out simpler thet way. in- 
deed, from a mathemetical point of view the new 
improved dimension ts just lke the other three. 
For this reason, euch an augmented system of 
coordinates le called homogeneous coordinates. 
Like homogenized milk, the additional coordinate 
is just stirred in with the rest, and out comes 
your desired view calculation. (The formulas 
are to be found In Newman and Sproul, Princi- 
ples of Interactive Computer Graphics, McGraw, 
$15, your basic text on the subject.) 





At any rate the additional coordinate is 
often referred to, incorrectly, as the "homogen- 
ous coordinale.” They're al] homogensous, 
which Je why it works. 


Defautits Coup de GRACS 


Impudent and plucky Tom DePanti was an assiet- 
ant professor at 24. ‘Thie in part because he has 
created one of the world's hottest 3D graphica Lang- 
wages, which he calls GRASS. (He eaye it etanda for 
GRAphice Symbiosis System— also, he saya, it Turns 
You On.) 


Tom's GRASS language le an excellent beginner's 
computer language for two reasons: first, it ie easi- 
ly taught to beginners, and second, it ia about things 
of interest to beginnere, i.e., pictures and graphical 
Manipulation on ecreens. (But compare the three be- 
ginnera' languages presented briefly on pp. 16-25.) 





A prototype for the system was developed Ohio 
State, on 4 project directed by artist Charles Caurl. 
Tom had a free hand, though, and the language design 
ie hies but mich of the specific cading was done by 
Gerry Moersdorf, and the graphics algorithms and ro- 
tation were programmed by Manfred Knemeyer. Inaplra- 
tion was furnished by Maynard £. Sensenbrenner. 





GRASS rune on the PDP~11, lendid minicamputer 
(Tom's ia shown on p. 36) and ie specifically designed 
for the control of three~dimensional stick-figure dis- 
plays on the Vector General display system (see p. 
DM %O)}. But a lot of, people have wrestled with these 
mattere and not done as well. Let'a consider: 











a itl yu 





1. ITS CLEAR SIMPLICITY. Tom believes computers 
are for everybody: he ia not a high priest bent on mak- 
ing things obscure (see “Cybercrud," p. 8). Thus he 
made his language as sensible, clear and easy to learn 
as possible. Tom likes to strese the concept of “habit- 
ability” (a term of W.C.Watt), meaning the cozinese of a 
syéten. 


2. ITS GENERALITY. Refining and condensing the 
bus.c ideas of a system is the hardest part of the de- 
sign. DeFanti made gevera) interesting decisions. 


A. The intecnal form of the language 1s 
ASCII code (see p. €6). In other words, you ¢a4 
read programs in thelr final GRASS form. 


B. Por a three-dimenelonal system euch 

as the Vector General, the main Form of data 
structure ig the three-dimensional object-- a 
list of pointe and lines In space. Thie is the 
form of data GRASS uses for most purposes. 


¢. In the design of euch a system you 
want larger 3D objects to be buildable out of 
smaller ones. Thig implies arranging data 
in tree structures (see p. 24). You also 
want to be able to make things do compound mo- 
tlons on the screen-- for example, showing an 
airplane flying around on the screen with ita 
Propellor spinning; thie too implies a tree etruc- 
ture. There are some programmers who would use 
different tree atructures For both objects group- 
1 together and for movements grouped together) 
Tam uses ene. 








D. Objects shown on Tom's system can aleo 
appear to move en complicated paths through three- 
dimenaional apace. in Tom's system, such a path is 
meraly another object. It seems obvious when you 
say it, yet thie kind of eimple generality is ex- 
actly what many programmers seem to avoid. (Note: 
thle facility is a generalization of Baecker's p- 
curves see p.dmi5). 


£. Input devices are completely arbitrary and 
programmable. What happens on the screen can be con~ 
trolled by anything— any variable (see p. |G ) in 
the programming language. In other words, DeFanti 
hag decoupled the ecreen from any particular form of 
control, allowing ueer programs to make the connect~ 
don between controle and consequences. This means 
that, using Tam’s language, it is comparatively 
to build complex custem controle for any function. 
(This is diecussed under “Fantics,"! p.Yg5.) 








'Y 


F. ‘The language has string functions that allow 
text handling. Since the language may also use con~ 
versational terminals, it 1a eminently suited for 
“good-guy" interactive systems for naive users, as 
described on pp. 12-13. 





G. Tom's language is interpretive, like TRAC 
Language (see p. 30). That maans it ie “slow” in terme 
of the number of machine cycles required for it to de 
each operation. However, DeFanti has added a “com- 
pile” feature to the language, ao that for long macros 


(sections of program) that have to run repetitively, more 


efficient compiled verslons of the macros may be gene- 
rated. 


I coined the term fantica, far the art and technology of 
showing things, long before I ever heard of Tom DeFantl, 
and I am not about to change it just because he is now my 
friend and roommate. 





H. The Language ia extensible, meaning that the 
user may create new commands in the Language as programs. 
These commands, however, may be used in later programs 
as if they were built into the language itself. 


I. The syatem ie completely general-purpose. Many 
graphics languages are not, being restricted only to 
their original purpose. Thie is more difficult, but oh, 
@0 mich more worthwhile. . 


3. ITS DEEP GENERALITY. Thinge should be veraatile, 
and able to be tied together in many different ways. This le 
what we mean by "generality:” and thie kind of generality can 
make a system very powerful. (The term in mathematica is 
"elegance.") As ie said on the other side of the book, com- 
Plicatedness is not generality or goodness or power, but a 
sign of the designer's shallowness. 





Anyway, GRASS has thie kind of generality. It hae a 
great number of facilities, growing weekly, and they all tle 
together in clear and predictable ways, without exceptions. 
Rather than create special functions which cannot be tled to- 
gether, Young Dector DeFanti has chosen instead to make the 
separate dealrable functions part of a simple and clear lan- 
guage. (A note to you elegant types: GRASS is fully recursive. 
As a nice example, Dan Sandin (eee p.d\&) wrote a program to 
display Peano lines that was under forty GRASS instructions 
long. It ig also astonishingly reversible: you can watch it 
uncreate the Peano line, atraightening itself backward.) 


In the more usual sense, DeFanti'e language is not 
the 'most advanced’) there are more powerful 3D eyetens 
than the Vector General (the LDS-1, see p.}ri}e, offers 
true perspective), more elegant user-level languages 
(gee TRAC Language and APL, other slde), true halftone 
(the Watkins Box); yet his achievement on close examina- 
tion ie extraordinary. Never mind his age, the more eso- 
teric features of hie system (full recursiveness, etc.) 
or the fact that he does not seem to have made one mia- 
take, which is Infuriating. Consider only thls: TOM DE- 
FANTI'S 'GRASS' LANGUAGE IS PERHAPS THE ONLY SYSTEM THAT 
CAN BE TAUGHT IN A PEW HOURS TO COMPUTER-NAIVE BEGINNERS 
THAT PERMITS FULL THREE-DIMENSIONAL ANIMATED INTERACTIVE 
GRAPHICS WITH TREE-STRUCTURED DATA. 








Tom DeFantt 


THREE WAYS OF SEONG MOLECULES 
VINE 3b COMPUTER DISPLAF. 


Much of today's impetus for 3D computer 
display is coming from the field of chemistry. 
Universily chemistry departments are buying 
equipment llke the Evans & Sutherland LDS-1, 
the Adage and the Vector General. 


Why? 


Because chemistry is increasingly invol- 
ved with complex three-dimenslonal structures. 
Crystele, long folding chain molecules, minus- 
cule forces acting on structures whose shape 
determines the outcome. Organic molecules 
that involve thousands of atoms, and whose 
complex folded structure exposes only certain 
Key features. And so on. 

Tom DeFanti. Shows part 
of hemoglobin molecyle. 

Data structure from 
Richard J. Feldmann, NIH. 


The Vector General display illustrated 
here and there on these pages belongs to the 
Department of Chemistry, University of Illinois 
at Chicago Circle. 





Bouknight & Kelley (see p.B&Ssy) 


SASL 


The best feature of all: it's currently av. 

aL zs 
me ik owners— even without Vector General displeyen= 
may inquire of: Tom DeFanti, Doctor of Ar 
Chicage IL 66660. ii tia iat 


You may wonder how @ young bronking buck 1k 

: © DeF 
has managed to! do such an excellent job, so elegantly, chare 
60 many have atumbled and falled? a 


“I just learn from other People's mii 
cheerlly. ae 





* he eaye 


Prof, DePanté 
on the syatem. 





MISCELLANY: 


Coupling hia system with that of pan Sandin 
has created the “Circle Graphics Habitat,” descrined a. 


I hope I'm around long enough te write GRAS: - 
guage manual. i a 


(DeFanti's GRASS is an ideal lan je for 
the 3D Thinkertoy, described on p3"56', Mevetety cle dduantee 
have any provision for the storage of large complex data 
structur: eo the hard part would actually be working cut an 
adequate storage data etructure and starage macros within 
GRASS's use of the DEC file system.) 





SCREEN CONTROLS 


The great thing about CRT dieplaya is that they can be 
uged to control thinge by manipulation of pictures, Instead 
of moving buttons er levers, you can seize parte of the pic- 
ture with the light-pen and move some part of the pictur 
The computer, sensing the choice or adjustment you have mada 
can then perform whatever operations you have directéd. ‘ 


Some samples: 


VaLve 
CONT to: 
loom 


YoLomc 


THER aos tar 





Tone 





on [ode t dys 

Sy et SF] 
____The design of screen controle-- easy-to-use, clear and 
simple controle for everything-- ia one of the frontiers of 
computer graphics. (See "Fantice,” p.jJA WSN 


DIMENSIONAL FLIP 


3D scopes are about the best we've got— so what do 
we do about mltidimensional phenamena? 





One very good solution ls to show 4 selection of three 
dimensions at a time, and provide fer easy “fllp" from one 
dimengion to another-- go that instead of looking at scme- 
thing on demansions A, B and C you are loaking at it on di- 
mensiena A, B and X. 








For example, suppose you're 4 sociologiet looking at 
measurements of various traits among a group of people. 
It's a cloud of dote Ln three dimensions— whatever three 
dimengione you're looking at. Some could be: age, height, 
weight, een, ethnic background, premarital experience, ed- 
ucation... etc. 


You view this cloud of dota, say, according to age, 
veight and ethnic background. That meane you can rotate it 
around and see how many people in the group are what. 


Using dimensional flip, however, you can change the 
view as follows: rotate the box-frame till it becames 
equare to your eye. Then you hit the control that maki 
the unseen dimeneion "flip" to another dimeneion that In- 
tereats you. The cloud still looke the same-- until you 
rotate Lt, and the third dimension ie now “premarital ex- 
perience.” So you can quickly get a view of how popu: 
tions are really divided up. (Note to sociologists: this 
same operation, with stretching and clipping, provides a 
vieual technique for "partlaling” operations of the 
Lazarefeld type.) 














ORM, 
S: pera 
- Tere Conrtot 


You can make 4 character change expressian on a ID 
scope by making his mouth a twleted wire that can be 
rotated between "frown and “amile” positions. The 
trick ie the shape of the wire. 


THE TWISTED SMILE be alta 








NOW GUESS WHAT: DePanti's GRASS language is the best lan- 
quage I know of for doing all the above things. 


gL 


DMS 


CORPUTER HACFIONE IMAGE SYSTEMS. scuccn. 


A Series of Review Articles for 
Computer Decisions Magazine. 


WHERE TO GET IT, 


from a variety of sources. 


Computer 3D halftone systems are now available to moviemakers 
It tends to cost a lot of money, but 


when compared with normal Hollywood production expenses, it turne 
out not to be so bad. 


SALES OF MACHINES. 


Lb 


Computer Image Corporarion, Denver, offers various systens 
for sale. See p. DM 39, 

£vans and Sutherland Computer Corporation, Salt Lake City, 
offers che Wackins Box, a real-time display device 
using the Watkins Method (see next page) and offering 
also Gouraud pseudo-curved ehading (see p. DM 37). 
It coata about $500,000 and attaches to a PDP-10 
Large computer; see p. 40). 


General Electric, Syracua 
synthesis like th 
job is custom, 
running on a 
after your data 
litcle ae hundre 
thousands), 


Contact: Charles P. Venue, General Electric Co 
periding 3, Syracuge NY 13201, 315/456-3552, (Given 
F n detail because harder to reach than theec others.) 
Omputer Visuals, Inc., EL ord, N¥. Offer more detail 
than GE system, and BO straight cto film without video. 
More expensive: probable coats run in che thousands of 
dollare per minute. Again, every job ie cust 
Contact: Nat Cc. Myers, president. 

Dolphin Productions, NYC, ha several Computer Image machines, 
saeetenrrg entaenes Allen Stanley, is interested in 
Computer Image Corp., Denver and Hollywood, alao offers services 
on their machines. On occasion they have been willing 





» Offers three-dimensional scene 

t at the bottom of thie page. Every 
It's done on videotape through prog 
allieh computer. Production coste, 
structures are all in, could run a8 
da of dollars per ainute (rather than 




















Author's note. These articles were 
written for Computer Decisions magazine, and 
reflect the results of a lot of phone calle they 
paid for. The first of these articles was pub- 
Ushed in 1971. The others have not been 
previously published, es the editors and I 
were never able to get together on quite what 
they wanted. 








This le, to my Knowledge, the only 
existing collection and aummary of computer 
half-tone syetems to date, and In some cases 
the articles reveal more about the systems 
than has been published anywhere. Sur- 
prisingly, even two years later they do not 
seem out of date, 


However, due to the editorial style of 
Computer Decisions, and my own, this has all 
come out extremely condensed, and phrased 
in breezy and humorous ways not ordinarily 
considered acceptable for serious technical 


FIRST ARTICLE 
General idea of 3-D halftone. 


Polygon Systems. 


halftone image 
synthesis 


by Theodor H. Nelson 
The Nelson Organization 


To most people in the computer field, “computer 
graphics" means tine drawing—systems and programs 
for mapmaking, pipe layoul, automobile and aircraft 
design. or any other activity where a diagram may 
help. Using line-drawing programs and equipment. 
designers may create line drawings on [ast-responding 
graphic screens, reworking their ideas until satisfied: 
the system then disgorges polished drawings and speci- 
fications for the designer's real intent, something else 
that is to be made or done. But it is possible for a 
picture itself—instructive, interesting or pretty—to be 
the goal, In that case we will often want pictures that 
Took like things instead of wires. A picture that is not 
all black and white we call “halftone.” 

With much secrecy and a slow stan, computer 
halftone systems are now being built all over. The 
methods are extremely different from one another; 
only the outputs are similar. Some exist in software, 
some have already been built into special hardware. 


Computer graphica the ordinary way 
Tha computer, as penman, draws li 





line a wire frame. 


to back film-makers, 
president, Lee 


These systems have many potential uses for visualiza- 
tion, animation and new kinds of photography, in 
art, scholarship, motion pictures and TV; for visual- 
izing worlds lost and imagined, equipment yet unbuilt, 
the responsiveness of aircraft. It may not be long 
until moviemakers can buy different brands of picture 
synthesizer, just as musicians choose today among 
Moog, Buchia and age music synthesizers. But none 
is in production yet, This is an attempt to review the 
coming apparatuses of apparition. 

Not only is the field of halftone one of the most 
exciting in computing; it is also one of the nuttiest and 
Most secretive. For instance, at one time a firm that 
was supposedly marketing its halftone system declared 
the present author persona non grata and not to be 
communicated with in any way, though information 
was freely available to others. “I don’t think it’s 
i ia,” says Rod Rougelot of General 
“A lot of guys started about the same time. 
and proceeded in a heads-down manner.” It took a 
special kind of initiative to head off in that direction 
with no extemal provocation. “All those heavy cats 
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Taevuon “herewn canrchnates 


COMPUTER DECISIONS 








General Electric will make movies and videota 
These are from a beautiful (really beautiful 





arrigon IIL, te @ evell fella. 


from ARPA and MIT were saying in the sixties I could 
never do a Mickey Mouse,” says Lee Harrison ui of 
‘Computer Image. “But I'm not that kind of researcher. 
1 talk w the Lord.” 

‘The systems’ stories are as different as the systems 
themselves, General Eleciric’s system grew out of 
cockpit displays for blind flying. The system of Penn- 
sylvania Research Associates began with terrain and 
tadar modelling. The system of maci (Mathematical 
Applications Group, Inc.) began with the study of 
radiation hazards in battlefield machinery. Two system 
families, thet of Computer Image Inc. and my own 
Fantasm, were designed from the beginning for movie- 
making. especially “special effects” end puppeteering. 
The most poignant tale may be that of Lee Harrison, 
whose suruggling family was warmed through cold 
winters by the tubes of their snalog computer. 
Halftones in two dimeasions 

Two-dimensional computer halftone is not new. 


Halfione pictures converted from photographs have 
‘often been printed out on line printers, either for (un 





MAY 1971 


for you with their pictorial synthesis 
) film they did for NASA. 


The point of 


reportedly on a 50-50 baaie. 


Their reviews. The hope ls that they will supply 
orientation to the browser, deeper Insights to 
the technically-minded, and further directions 


for them as wants to pursue. 


My thanke to the publishers of Computer 
Decisions and Its editor, Robert C. Heavind, 
for their encouragement, phone money and 
permission to reprint thls. 


There are more ways than one 

to produce shaded pictures with computers. 
Here are the methods 

of the ‘polygon school.’ 


(nudes often turn up at big installations), or m con- 
nection with some scientific problem, such as analyziog 
chromosomes. Kenneth C. Knowlton, t1 Bell Labora- 
lories, bas executed some well-kaown photo conver- 
tions making pictures into huge grids of tiny whimaical 
symbols having different grey-values. : 

Various other aystems have allowed users to create 
their own original 2-D pictures. But the natural temp- 
tation is to want the computer really to make pictures. 
Why pot have the computer produce a photographic 
picture directly from the 3-D representation of objects? 
Computers doa’ do this by nature, any more than 
they do anything else by nature. so how it may be 
done by computer is very interesting. The problem is 
also interesting because of its intuitive nature. Visions 
of scenes in space sre around us constantly, and we 
intuitively understand the geometry of outlines and 
light. As 3-D work progresses large problems are being 
overcome. The famed “hidden line problem,” for ex- 
ample, was misleadingly couched, since the problem 
is not finding what limes are hidden, but what susfaces 
are in front! 


Taxiay's new procedures can ies the 
same dete to make a realistic shaded 

Or halttone picture. The visible parts 
bent or'a Of the objects are escertained by 
swoon e programs or special hardware, 
ica hec using tne same 3-D coordinates as In 

sche rss" the ordinary ayatems, These visible 


picture on an cutpyt device. 


3 





system, 


the film wae to explain to everybody how a@ proposed space 


function. 


so on. 


Rather than use diagrams, they enacte Kae 
stand bow the sectiona would be delivered and Fit toget! cies Se 
For exposition of that kind, nothing beate this 


laboratory would be'built acd would 


GE syetem, eo vievere could under- 
Se a eaces how che antennas vould unfold aad 


enactment. 


We must draw on this understanding of scenes to 
figure out how to make pictures, for there is no 
mathematically elegant or prefersble approach. Scenes 
are geometrically rich, and thus many different tech- 
aiques may be ‘used to ellrect pictures from them. 


imterconnections, relative edges of intersections or 
anything else you can define and process. [ prefer 10 
think of computer halftone as like trick photography 
of the kind done in Hollywood: a variety of tech- 
niques can be combined in various ways. Ag in trick 
photography, the oumber of touches and enhance- 
ents that you add generally determines how good 
it will look, regardless of what system you begin with. 

The simplest systems are those thet depict objects 
made of polygons—ihat is, plancs with straight edges. 
‘We will discuss such systems in the present installment. 


‘The wild polygos youder 

At least two companies are building image systems 
that will behave and respond like onrushing re 
Such @ system, hooked to cockpit-like controls, can 
show a trainee pilot the delicate and precipitous results 
‘of what he does, Realistic action, rather than surface 
detail, is crucial, 

‘The techniques of action polygon halftone were 
originally developed by General Electric, of Syracuse, 


Company (makers of the beloved 
pilot trainer and its progeny). Basically such systems 
Operate upon the scan-lines that crisscrass a television 
sereen, switching the color of the running scan as it 
crosses from polygon to polygon. 

‘The action polygon school—GE and Link—akes 

ious but effective approach to halftone TV: their 
vironments" are composed entirely of convex objects 
made entirely of convex polygons. To use only convex 
objects (no dents) means thal one object may be in 
fromt of another or vice versa, but never both. (An 
object with apparent indentations, such as an airplane, 
has to be made out of a group of convex objects flying 
together.) To use only convex polygons (notchless) 
makes it easy for the system to devide, at a given 
instant, whether the scan is crossing the polygon or not, 












trstantaneous enactment: hatftone animation 
ras a ag08e of really being there. (Rod Rougelet, 


ric) 


This work evolved in part from GE's work in the 
fifties with @ “ground plane simulator,” a system that 
would show @ correct reprexentalion of the ground’s 
pasition, dipping and routing. to the pilot of an air- 
craft in fog or night. In 1963 the General Electric 
group, under Rod Rougelot, worked out for Nasa the 
design of an “environment simulator”"—a device that 
would simulate the appearance and performance of 
any equipment. This is now called the “old Nasa sys- 
tem.” It permitted the user—seated before a color TV 
screen—io work controls for imaginary aircraft or 
spacecrafi, and see roughly what the pilot of the craft 
would sec, flying in real time through a breathtaking 
color scene. Films made on this machine have been 
stunning. Imuginary cities, roller coasters and aerial 

fights arc among the visions that can be presented. 

General Electric's old nasa method is fairly weird 
it not mischievous. The earlier “ground plane simu- 
lator” had shown an edge (the horizon) digitally dis- 
played on w crt; the system was extended to many 
edges, and the logical analysis of areas between them. 








The scene wos represented by a collection of edge 
boxes, physically jumpcred into a collection of facet 
boxes, Each edge box and facet box was loaded with 
certain numerical and logic values, representing edges 
and facets in the scene, which could change between 
frames as required by the action. 

In the preprocess for cach frame the old NASA sys: 
tem used a specially buill digital computer, the “vec- 
tor calculator.” This performed at great speed the 
three-part vector calculations necessary to determine 
ail scene positions, including the positions and stants 
of all edges. Each individual edge generator: loaded 
with its own edge position, constinuy reported whether 
the running scan of the picture was to the left or right 
of its own edge. [1 dutifwly guarded this edge from 
border to border of the picture. 











“Old NASA” method: Each 
reporis which aide of oe the 


each fecet bor sums 


when the scan ix crossing i. 








‘The edge-bon reports summed into the facet bones, 
each of which was set to respond to a particular 
combination of teft-right, above-below reports. At the 
instant all the facet’s edge boxes replied in the proper 
Preset combination, the facet box signalled that ils 
own facet was being crossed by the scan-line. When 
more than one [ecet-box responded, the one nearest 
the viewpoint had its color gated to the screen. 

Now Rougglot’s group is replacing the old NASA 
system by a new NASA system. which works on entirely 
different principles. but keeps the vector calculator. 
The old one could show scenes with up to 240 edges; 
the new NaSa system will at least double that. GE's new 
Method is already operational on smaller research fa- 
cilities. They don’t tell what it is, but basically it in- 
volves sorting by distance. Supposedly the sort method 
is good enough to make the old edge boxes obsolete. 

The Link group claims competitive performance for 
their system, which will go to black-and-white thou- 
sand-line TV. They say their system is different, better, 
and secret. 








Campus of Fooled U. (GE) 


Wylie-Romney: shoot the works 

‘The Wylie-Romney method, disclosed in 1967, was 
the first generally publicized procedure for making 
halftone pictures. Indeed, the 1967 publication sig- 
nalled the explosion of the University of Utah into 
the forefront of computing research, 

The Wylie-Romney method was uctually the 
work of Chris Wylie, Gordon Romney, David C, E 
and Alan Erdabl: but much of the impetus for its 
development came from Evans, chairman of computer 
sciences at Utah, who had long suspected the possibil- 
ity of 3-D halftone synthesis. 








for art's sake: now tn can create 
nd photograph them. (Gordon Romney. 





Uteh) 


(Note: more output by 
various Utah systems 
appear on following pages.) 


The Wylic-Romney method is this: for cach picture- 
point desired in the final picture, shoot a searching 
ray through the scene at @ corresponding angle. Find 
where this searching tay hits every surface in its way, 

Since the locations in space of these hit-points are 
easily calculated, figure their distances from the vantage 
point. The nearest of the intersections bs the visible 
‘cone. Look up the color of that surface and shade the 
‘output point accdrdingly. 

This may sound inefficient. but it is comparatively 
easy to ascertain all the piercit ints, since the sus- 
faces to be hit in e given row can be largely 
Predicted from the previous row. 








John Wamock's method, also from Utah, is unre- 
lated 10 the other methods, but has qualities mathe- 
like, as well as @ certain whimsy. 

Consider a square in the picture area. (At the start 
consider the whole picture area.) Now then. Test 
whether the present square is entirely filled with one 
color. If 80, oulpul a corresponding square all of that 
color, If the present square is not all one color, divide 
it into four amalier squares. Take another square and 
go back to Now then, End vhe process when cach of 
the squares in the broken-down picture has been 
completely filled with one color—or the umsatisfied 
squares ere too small lo care about. 





Warnock’s dieing mathad: What can't be made alt 
one color is redivided till Ks pieces can be. 
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Movie sets, TY affects: computer halft 
‘andy 10 compete. (Gary Watkins. uh * 





The method of Gary Watkins is the result of a 
Profound search at the University of Utah for the 
method—a polygon technique fast enough for real- 
coe coectnent, bet cbeapes thas the GE-type systems 

not subject 10 the convenity restrictions. 
to have found it Ee == 

Each video scan of the scene results in a “slice” 
through surfeccs.in the scene, The two nearest surfaces 
are continuously compared to sex which i closer, os 
if by two rulers. The insuant a new surface becomes the 
nearer one, the system roakes it the visible one. The 
nearest surface always shom, down to the precise 
instant two surfaces cross. 





Watkins method: A new nearest surtace 1 
instantly sensed through continuous comparison 
of the Closest two. 


WOW AVAILABLS! Machine running Watkine 


technique, the Watkins Boz, allouvs 
you to viev imaginary ob, te in 
color and manipulate them 








See top of preceding page. 


Shodiog: Lat of the great tndge-tunctlons 

‘Suppose that we have some date structure represcol- 
ing @ three-dimensional object, and a halftone method 
to search out its visible surfeces, How do we shade the 
output points? What do we take into account: how 
combine the basic greys of colors, how blend them 
with computations of surface angle, distances from tbe 
vantage point, or anything che we can think of? 

‘The answer: any way at all. The combining function 
is an aesihetic choice. There are nol many areas left 
where you can meke up a mathematical hodge-podge 
‘and get pleasing of interesting results. Computer hall- 
tone is a [elicitous exception: you can augment by 
adding oc multiplying. diminish by subtracting or divid- 
ing, und yet always come up with an image resembling 
something. Anyone who has worked in a darkroom 
will recognize thal this is like enlarging: playing with 
parameters won't obliterate the picture. 

‘There are purists who insist that halftone coloration 
should exactly follow the formutes that simulate the 
behavior of real light. For some purposes, like pilot 
taining, this may often berue. But insisting oo mathe- 
matical accuracy as a general principle is like insisting 
oo ultra-high fidelily—an sesthetic judgment 
as @ mechanical imperative. 

Until now the ovtput hardware was not really ready 
for halftone. Five years ago a computer could usually 
create halftone pictures only on a line printer or @ 
4020 microfilm plotter. Today there ere many different 
Photographic printers, going to all size of film and 
paper; one even uses m laser. There ave various display 
terminals permitting grey-scale and color halfiove oo 
TV screens. 

The age of computer image synthesis has begun. 
Polygon systems are fast and simple. and will come 
to be used in our daily lives for such diverse 
as molecule study, the memorization of delivery routes, 
and visualization of every kind of layout and design. 
They will be fundamenul to our oew world of 
coarputer display. oa 











COMPUTER OECISIONS 
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SECOND ARTICLE. 


Surface patterns. 
Curvature. 


Shadow. 


THE PLOT SO FAR. 


Various computer methods now make it 
possible to create artificial photographs of 
three-dimensional objects or scenes represented 
in the computer's storage. This is done by 
coloring or shading points in an output picture 
like the points in the scene that can be sighted 
through them from the vantage point. What 
the methods really boil down to, though, are 
searching processes in the data representation 
of the three-dimensional scene. 


SHADES OF REALITY 


In an earlier article we have considered 
some of the techniques being used to depict 
simple scenes-- those meade up of polygons. 

Now we turn to more elaborate scenes which add 
shadows, surface patterns and curvature. 


One of the most interesting things about 
this branch of computer graphics-- already seen 
in the polygon methods discussed earlier-- is 
the variety of techniques that can be employed. 
Moreover, these methods, for all their sophisti- 
cation, can usually be intuitively understood 
as thought they were operations performed on 
objects in space. The same continues to be true 
for the more complex systems. 


VARIOUS NEW TECHNIQUES PERMIT US TO ADD CURVES, 
SHADOWS AND SURFACE PATTERNS 
TO COMPUTER-GENERATED HALFTONE PICTURES 


ENHANCED POLYGON SYSTEMS 


In the methods discussed so far, we looked 
at several computer techniques for photograph- 
ically depicting scenes and objects made up of 
polygons-- planar fecets-~ in a represented 
three-dimensional scene. Imaginary houses of 
ecards, cardboard airplanes and triangular scen- 
ery take on a compelling vividness when depicted 
by the computer. And for visualizing such 
things as architectural arrangements, such 
systems promise to be of increesing practical 
value. 


Those of us interested in the artistic 
aspects of computer halftone images want more. 
This article looks at some ways to add the 


appearance of curvature and surface pattern 
to computer-synthesized images. 


MAGNUSKL'S CONSTRUCTIONS OF REPEATED PATTERNS 


(different perspective calculations) 


VA ¢ 





is stitched together 
in adjacent positions 
at appropriate angles. 


Basic triangle pattern... 


MAGNUSKI'S PATTERNED CONSTRUCTIONS 


A number of contributions have been made 
by individuals working alone. For instance, 
Henry Magnuski, at M.I.T., created a program 
that repeatedly positions patterned facets in 
space to make large constructions. 


This program did not calculate "true" 
shadow, basing ite shading partly on angle of 
surfaces. Neither does it show true curves. 
Yet it shows the impressive degree to which 
such effects may be approximated. The result- 
ing beach ball picture is reminiscent of Moorish 
architecture. 


Sb 


BOUKNIGHT AND KELLEY: 
PICKING THROUGH A CAT'S CRADLE 


The method of Bouknight and Kelley, at 
the University of Illinois, permits the addition 
of shadow to polygon pictures. Their method 
uses an intricate system of scanning sweeps 
across the scene, analyzing the successive edge- 
crossings. For each output line, a list of the 
edges in the scene is ordered according to which 
will be next encountered. To make a specific 
output line of shaded points, we step through 
successive positions of the scan-line, until an 
an edge is crossed. With each edge we cross, 
we enter or leave at least one facet. Of all 
the current facets we are in after a given edge- 
crossing, the system finds out the nearest one, 
the visible one, by comparing distances. The 
coloration of this facet is then fed out to the 
picture, until the next edge-crossing. 


Bouknight and Kelley expand their method 
to show shadows by an additional step. They 
create a new list of edges to be encountered, 
this. one relative to scans from the light source. 
Then, during the reguler output picture scan, 
they look to this latter data to see about shadow. 
As soon as they know two consecutive edges 
of a visible object in the picture, they are able 
to search the shadow-edge list to see if any 
shadow-edges impinge between them. The final 
list of edges-- visible facet edges and shadow 
edges-- goes to the picture output device. 





BOUKNIGHT-KELLEY METHOD 





Consider the series of edges whose 
projections cross the current scan~line. 
Each time the ecan-line crosses an edge, 
find out what facets are currently pierced 
by a eight-line from the viewpoint. The 
nearest of these facets is the visible one. 


To add shadow, use an extra list of 
the scene's edges relative to the light 
rather than the camera. Between viewed 
edges, check for shadow-edges as well. 





DON LEE FILLS IN THE GAPS 


Don Lee, at the University of Illinois, 
produced his fine-toned pictures of spheres in 
1966 simply because someone bet him a quarter 
he couldn't program the method he'd suggested 
in twenty-four hours. He almost made it. He 
made his pictures of spheres and polygons by 
calculating the boundaries, then checking for 
overlap and filling in with greys according to 
viewing angle. His program works only in 
special cases, but is interesting for its historical 
position; it was one of the earliest half-tone 
curvature systems. 





HAVE A BALL WITH DON LEE. 





Then fills in 
curvaceous 
shading. 


His program first works out 
the general outlines. 
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SIMPLEX CURVATURE SYSTEMS: MAHL & MAGI 


A fundamental type of system we may call 
the “simplex" system was exemplified in the 
previous article by the Wylie-Romney program. 
A simplex technique simply projects simulated 
rays toward the scene from the vantage point 
till they hit the represented objects, and fills 
corresponding positions on the output picture 
with the colors encountered on the front surfaces 
of objects in the scene. 


The same principle extends naturally to 
Scenes with curved and otherwise embellished 
objects. 


Robert Mahl, at the University of Utah, 
has recently reported his results with simplex 
methods using quadric surfaces-- those curved 
surfaces generated by mathematical powers of 
two. His pictures-- like the cup and saucer 
shown here-- heve e pleasing 1920s Bauhaus- 
like quality. 


One problem with this method is that 
computational complexity increases rapidly as 
the scenes grow more complex; the more surfaces 
and piercing-points, the more time-consuming 
(and expensive) it becomes to make the picture. 


MAHL'S SIMPLEX METHOD 


Sar, ety 








Calculate all intersections of sighting ray 
with objects in scene; calculate which 
Veoet ia nearer; shade it according to angle. 


hb 


WM 
GENERATED SIMPLEX METHOD, AS EXEMPLIFIED BY Macy System 
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It seems, however, that Mahl's work may 
only be a rediscovery of whal one organization 
worked out earlier and is being secretive about. 
A firm delightfully called MAGI (Mathematical 
Applications Group, inc.) of Elmsford, N.Y., MAGI program vase originally developed 
has extended the same idea more elaborately. for study of radiation hazards inside 












They happened into the halftone game through military armor; the pseudo-photographic 
a military contract. techniques were a gide effect of the 
i approach chosen, W' these 
MAGI's system, now thoroughly developed tanke may be the onee studied, 


under Robert Goldstein, began in 1965 in a study 
of radiation hazards in battlefield equipment. 
They wrote a program to simulate paths of radia- 
tion, eay, that might reach a lank driver under 
varous disagreeable circumstances. Having 
written a program that would ascertain the sua~ 
ceptibility to radiation of battlefield machinery, - 
they noted that the same program could be 
adapted to making photographs. The progam 
simulated radiation; light is radiation; ipso 
facto, pictures. Substantially the same program 
would make photograph-like images, by treating 
the objects as opaque, and reflecting different 
shades according to color and angle of view. 





The resulting system makes nice pictures 
of objects composed of planes and quadric sur- MAGI techniques were used to study 
faces; and includes, as will be seen from the alternative ways of lighting mines. 
racing car and chair, colored surface designs, 
shadows and spectral reflections. Not only does 
MAGI's software for this process produce deli- 
eately shaded pictures; if the virtual picture- 
plane is moved until it intersects the subject, 
it produces a cross-section. 


MAGI runs this program remotely in 
Fortran on a big computer-- but they have their 
own minicomputer setup for photographing the 
results as color movies. They now offer use of 
this syatem commercially for making movies or 
stills. 





: Enlargement from MAGI film, I hape 
SYNTHEVISION SETUP usea remote time-sharing computer, the reproduction shows the concentric 


running big secret Fortran program and containing ringe, called Mach bande, that divide 
entire data structure of three-dimenesional acenes. of shading; Knowlton and Harmon 
Minicomputer photographic getup ie on premises at ation p. DM 10) adviee on pseudo- 
Computer Visuals, Inc., MAGI suboidiary marketing random techniques for correcting thie. 
the Synthevision service. 





Local setup uses ova minicomputer controlling both 

CRT display and camera, Informed guess would sug- 

gest that time-sharing system does not send all 

successive points of output line, but difference 

and transition values; Nova program would then in- ROUNDUP 
terpolate gradations in relatively quiet eections 





of the scan-line. These have been some of the highlights 
of the halftone game to date. The methods des- 
MAGI's precise system is secret. However, the only cribed eo fer are mainly software-oriented, and 


real questions boil down to: forms of surface rep- 
reeentation; aystems of acene sorting; and method 
of acene ecanning to produce output 6c 


for the most part work most efficiently as pro- 
grams. in the next article we will look at some 





An early MAGI character. P outlandish new forms of equipment, under con- 
Note that one of the most impressive things about struction or proposed, for dedicated production 
MAGI vork, at least for saphieticates, is the de- of 3-D' halftone pictures. 


gree of artistic control that seems to have been 
realized In thelr input and revision syetema. It 
seema they offer excellent control over motion and 
color, and, of course, revision of the action in 
a acene till the maker ie satisfied. 


Popular Science, I think it was, had a spread on 
ob Synthevieion in fall of 73. 


THIRD ARTICLE. Specialized hardwere systems. 


SPECIAL EQUIPMENT IS NOW BEING BUILT 


FOR MAKING "REALISTIC" HALFTONE 


PICTURES BY COMPUTER. THIS ARTICLE 


COVERS SOME OF THE MORE UNUSUAL 
HALFTONE HARDWARE SYSTEMS NOW IN 
EXISTENCE OR BEING PLANNED. 


HARDENING 


OF THE ACTISTRIES 


HARD TIMES A'COMIN. 


In two previous articles we have summer- 
ized some of the importent basic techniques in 
computer halftone-- the artificial construction by 
computer of photographic pictures of 3-D scenes, 
scenes which are represented within the computer 
as colored or shaded surfaces placed in a coor- 
dinate system of three dimensions. 





I suggested this cover 

for this article. The 
folks at Computer Decisions 
reacted with puzzlement 

if not dismay, "This cover 
doean't have practical 
Applications for the 


average user,” I think 
someone said. 


GOURAUD'S TWIST adds the appearance of 
curvature to a faceted object shown opaquely 
by the Watkins method (described in first 
article). 


Instead of shading each point within a facet 
with the same color, interpolate between the 
vertex-colors according to how far down the 
edges you've gotten. Note that the jagged 
edges are retained. 





Sm37 





Results of Gouraud's swell smoothing technique. Mme. Gouraud posed 

for the deta structure on the left, a system of interconnected flat polygons. 
The Gouraud process (see box below) created the smooth-looking face 
from it by an extremely simple process. (Note that the power of the 
technique is in the use of a simple polygon data structure, rather than 
the more difficult truly-curved surfaces used, e.g., by MAGI.) 

ote also that the edges remain jagged.) 


The techniques we have looked at were 
all intuitively "spatial" in character, having to 
do with the analysis of sight-lines and relative 
edge positions, and suited to implementation in 
computer software. Now we turn to some more 
advanced and peculiar techniques and equipment 
intended to make 3-D computer halftone faster 
to use, or more realistic, or easier to work with, 
or cheaper. These systems represent a coming 
generation of-halftone hardware. 


THE WATKINS BOX 


The University of Utah is now building 
what wil be for some time the world's most 
my spectacular interactive computer display, the 
Mee Watkins Box. This device, interfacing between 
a computer and a television screen, will carry 
out the Watkins algorithm (described in the 
first article of this series) in real time: ripping 
through a predigested list of facel information, 
the Watkins Box will create on the sereen an 
image of an opaque object which the user can 
Totate or see manipulated by program. 


The Watkins Box can operate in two modes: 
normal mode, in which the object appears faceted, 
and Gouraud mode, in which it appears to be 
curved over (see masks, nearby). 


The Gouraud algorithm, developed by a 
graduate student of that name, is a ridiculously 
simple technique which marries perfectly to the 
Watkins method. Instead of shading the facets 
uniformly, this technique calculates a shade of 
gray for each point. In effect the method inter- 
polates the shade of the point from those around 
it, across facet boundaries. In actual proced- 
ure, the Gouraud method shades a point by 
linear interpolation between two edge-colors: 
the color of the last edge and the next edge to 
be encountered on the present scan-line. 

(These shades are in turn found by Hnear inter- 
polation between their endpoints.) 


It will be noted that Gouraud'’s method 
does not curve the edges. Bul considering its 
simplicity as a small addition to the Watkins box, 
that's no great sacrifice. 


Naturally, the Watkins Box will not reach 
the private home for several years; current 
likely price is in six figures. But that's now. 
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GOURAYDS SPECIAL TWIST 
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PRA'S WORLD-VIEW 


Roger Boyell, of Pennsylvania Research 
Associates, Philadelphia, Ukea to refer to the 
company's main interest as "modelling the phys- 
lcal world." Thus he and his associates have 
developed systema for cartography, landscape 
modelling, pipe design, and simulation of com- 
plex radar systems. 


A redar simulator they are puting to- 
gether for the Navy will show ihe resulta of any 
possible radar system moving over any possible 
terrain. A pilot or navigstor trainee, in a elm- 
mulated cockpit, will see the misalon’s changing 
reder picture as he changes the plane's course 
or the radar's tuning. The radar picture, ap- 
pesring on a acreen and changing In real time, 
wll look just the way the radar would look en 
a real mission-- flying in perspective among 
mountains or valleye, high or low. at any bear- 
Ing and speed, and viewed through any type of 
radar. 





Boyell's approach Is to treat each compo- 
nent of the pictorial/rader aimulation as & 
separate problem, to be handled in different 
ways, and blended in a final buffer. « core 
memory which is read out to lelevision. Sepe- 
rate mechanisms aupply componente of shadow, 
pecular reflection, coloration and randomizing 
effects. The core buffer continuously refre: 
the scanned CRT display. 








Boyell has put the same techniques to 
work making eimulated halfione pictures of the 
moon (eee cut). Both the redar snd moon sye- 
tems use the same type of halftone Image synthe- 
sls, even (hough superficially they seem quite 
different. But radar le radiation, just like light, 
and Boyell's techniques of three-dimenelonal 
modelling and search apply equally well to de- 
piction by reflected vielble light-- J.e.. half- 
tone Images. 


NELSON's FANTASM® 
A Lor OF BoseH? 


1 don't expect you to believe this, because 
Rot even my patent atorney but the system 
I cal] Pentesm Is Intended to make pictures that 
pass the Turing-lest: you won't be able to tell 
them from real photographs. Pantasm Is Inien- 
ded to allow the user to make realletic, Hierony- 
mus Bosch-ilke photographs and movies, with 
real-looking people (and scenery, Imaginary 
characters, monsters, etc.) ln ecenes of arbi- 
trary complexity. [1 la expected that 1975 eco” 
nomics will make Its construction feasible. 





Fantasm | originally conceived as a method 
of making realistic photographs and movies. not 
knowing at the time thal this was Impossible, 
but feeling It could be done aomehow If the 
problem were broken down eufficlently. At 
times it was not clear which of us would be 
broken down first, 1 or It. 


lt occurred to me sometime In 1960-1 that 
computer-Interpolaled, Disney-type cartooning 
methods would be feasible. After some thought 
I realized that peeudo-photography would be 
possible, and dropped the cartooning Idea. The 
elrange behavior of people whom I told about 
Unis led me to increasing secrecy. 


The general goal was to make @ sysiem 
that could do realistic movies without scenery 
or actors, and make pictures indistinguishable 
from real phowgraphs of real scenery and 
actors. ("What do you mean, indistingulshable 
from photographs?” people keep asking. What 
do they mean what do I mean?) The surfaces 
are to be put In by "sculptora," animated by 
"puppeteers ,” and photographed by a “director.” 
The objective Is for moviemaking to be under 
the utter imaginative control of the creative user. 


I am indebted to Prof. Charles Strauss 
for the formaliaation of my smoothing- 
function, 
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tem ia Intended to go out 
odified Sony Triniteons) 
gon halftone, offering 
sheding like Coursud's« (see 


chnlques ware worked out by Ron 
they're not telting adout how 
they vork. It is cle » that thelr 
real-time picture generator handles acenes 
with 16,000 edges, and thet this will cost 
$150,000 and service 16 (or was Lt 66) user 


terminals simultaneously. 













It may have been a bad phone connection, 
or thie mey be what they're really claiming. 
Obvidusly Le'll be really great if it curne 

out to be real. 


Evidently they have in mind the use of 
such high-performance ecopes for teaching, al- 
lowing students to explore Intricate three- 
dimensional scenes or objects. Terrific. 








(ote: compare the claim of 16,000 edges 
en a $150,000 syacem with the 2000 (7) @ 
allowed by the old NASA system bullt by C: 
or the Watkina Bor-- I den‘t know how many 

edpes-- at $500,000 from Svane and Sutherland.) 
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FOURTH ARTICLE. 


Syatems of Compuler Image Corporation. 


COMPUTER TAKGE'S pat WHIRL 


SO FAR WE HAVE SUMMARIZED AND DISTINGUISHED AMONG 
THE MAJOR TECHNIQUBS FOR COMPUTER SYNTHESIS OF IMAGES 
FROM DIGITALLY STORED REPRESENTATIONS OF SCENES. 

WE NOW TAKE THE WRAPS FROM A DIFFERENT BUT RELATED 


SET OF TECHNIQUES-- THE SYSTEMS OF 
COMPUTER IMAGE CORPORATION. 


Lee Harrison LI got the Idee for what Is 
now Computer Image Corporation In 1959. Al- 
ready having an art degree, he went on for a 
degree in electrical engineering, and through 
long ean years put together (he technical basics 
@round which Cl's eyetems are now bullt. Com- 
puter Image Corporation ls now a going concern, 
and output from their systems, especially Scan- 
imate, ls now widely vieibte on television. 


Computer Image Corporation lo be 
the firat Orm to be commercially succeseful In 
the halftone field. Whether they ahould be 
Included with the others is arguable, however. 
Their ayatems are not widely understood, and 
the relation of these systems to the other systems 
and programs deacribed In these articles 1 
problemetical. Among tha few who understand 
thelr techniques, some argue that they do nol 
syntheslze images at all, bul rather twist pre- 
existing pictures with @ sort of Moog synthesleer, 
and that thelr analog techniques are really just 
compound oselllators rather than true computing. 
I think that thie view le wrong, at least as 
regards thelr most ambitious system, and that 
Cl'a techniques deserve review. All the world 
Is not digital, Cl systems do Mill up areas with 
@rey-scala {and other) pletures, end thelr sye- 
tems involve three-dimensional coordinates, 
occultation and coloredon; thus I think It ap- 
propriate to discuss them here. 











The following diacussfon Is the first, 
believe, to lift the vall of secrecy thal has hith- 
erto confounded observers of this company 
work. In the light of the extreme sophistication 
with which they have pursued extremely strange 
techniques, they should benefit from the wider 
understanding. (Note that this material, which 
has been assembled from various sources and 
careful TV watching, ls partly conjectural.) 








Computer Image's sysiama represent an 
apparently unpromising approach brilllantly 
followed through. 


All of Cl's systems are a eirange combin- 
ation of closed-circuit TV and analog components 
oul of a music synthesizer: oscillators, poten- 
tiometers, interconnection networks. The basic 
mechanlems are ihe same for all, but they ara 
carried to differant logical extremes, with dlf- 
fering accoutrements, in the four systems. 

They all seem to be based on the extraordinary 
Animac II, not yel Implemented; it would seem 
thai for business reasons the company decided 
to ralse money promoting almpler systeme, 80 
1 bread and butter now conalsis of two less 
ambitious systems. Scanimale and Animac I; 
both of which might be puzzling if not recog- 
nized as parte of a more elegant whole. It 
would seem they were designed backwards as 
splnoffe from Animac Il, as waa CAESAR, thelr 
more recent 2-D system. 








The extraordinary ramifications and 
varieties of this eystem, with all It electronic 
add-on and composite methods. stagger the most 
jaded technical imagination. 





At the heart of the CI eystema is the prin- 
ciple of filling areas of a CAT screen with an 
owelllating trace. This ls a prinelple common 
to both Lissajous figures and television; but 
Computer Image has elaborated {i pecullarly. 

By veriations they paint twisted television images, 
wiggle sections of superimposed drawings, create 
moving flligtee effects, and hope to animate 

whole groups of opaque electronic puppets In 
S-space. 


Consider an oscillating trace on an oscilico— 
scope. This is a two-dimensional ocacillation, 
having two signals, m and y. But a three-dim- 
enslonal oscillation is also possible; any third 
signal, z, can be Interpreted as a third dimen- 
elon, meaning that a "point of light" is whirling 
out some pattern In a three-dimensional space-- 
an oscillotank, so to speak. Let us call this 
point moving In threa dimensions a “space trace.” 


Now to view this trace we need to cul lt 
down to two dimensions. By Ignoring one of 
the traces we can view the osclilotank in certain 
Qued ways; but by creating a "view calculator,” 
# box performing certain perspective (ransfor- 
mations on the three elgnals of the space trace, 
we may obtain a view of the oscillotank from a 
moveble vantage point. This is an x-y view 
which we may pul on an ordinary oscilloscope. 


Let us now add one more olgnal, b (for 
brightness). This Is the brightness signal fam- 
iar In television: 


Brightness of the spot ls thus independent 
of the movement of the space trace. For example, 
the apace trace could describe a helical path, a 
sort of tornado motion, and we could time Its 
spinning to phase with a TV signal. if we now 
brighten the space trace only with the bright- 
nese elgnal of a TV pickup, we now will see 
Gn our view of the oscllotank) what would look 
Uxe a TV picture curled around itself in space. 





The different CI systems are buill eround 
this effect. 


Output from all these signals {s ordinarily 
picked up by another vidicon, which stabilizes 
it by converting It into conventional television 









CAESAR System. Characters are 
made to move jawe and lipe by 
Jointing technique similar te 
Animac [I (below), but in auch 
a way as to matte over drawn 
artwork-- meantine wiggling 
other dravn artwork through 
scan manipulation. 





te'e cwirl, by now famlllar 
to most TV watchers. Scanimate ie 
exteneiyely used on “The Electr(e 
Company: 








THE WHIRLING UNIVERSE OF COMPUTER IMAGE COLPOLATEN 
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gives ue a window Into a peculiar sort of vorld: 
a vorid in which luminous shapes can undulate and 
spin on invisible spindles (Scanimate), of wiggle 
a8 separate bones (CAESAR. 

















Tubelike shapes may be rotated and shaped in acd 
3D (Animac), and puppete may eventually be rolled 
like cigarettes (Anieac IL), vhich may then be 
palnted from @ TV pickup on the elda nearest the _ 
viewpoint. 
By using a storage tube and spinning the trace 
close together, Like cotton candy, and cutting off 
the painting signal while the trace is within che % 
area already filled, we get electronic masking: ~p 
a which blends animated dravings in 2D (CAESAR) SS 
and may eventually age shadows and occultation 
: nasking among 3D puppete (Animac II). 
> 
SHAPING METHOD 
Lisoajc_us and zigzag figures 
are rapldly spun in three dimenalons 
~- that is, varying voltages x, y 
and z. The resulting ™ and | Stet be teas 
"curtains" are then vieved by per- Ubile shoving 
spective calculation. The circultry nearer part-- 
permite these shapes to flex at 
Joints, wave, and go through other 
change 
IN SCANIMATE: zigzag and Demecwec spin ovt same 


curling shapes define a 
moving scroll on which an 
image is painted. 


pact on storage 
scope; contin- 
uously test 
potential of 
screen; 





IN CAESAR: curling #hapes are 
treated 2-dimensfonally, 
as blocking controls for 
artverk. 


-- AND LATER, IN TIE SAME FRAME: 


Y 


cut off che 
brightness of 

the output elgnal, 
wherever there ls 
already an Image 
on the screen, 


IN ANIMAC Il: puppeta will be 
seulpted much Like rolling 
a cigarette. 
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The only picture I've been able to 
find that relates to che 3D sculpturing of 
Aniwac II ie chis frame, blown up From 


short 16: equence. The Figure fe sculp- 
tured from omc{llations in three variables, 
modulated to represent thie figure of thir- 
teen sections or “bones.” Head and toreo 

re clearly visible in the film; the figure 
# seen to spin as if in an ejection seat. 
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A last CI technique, technically minor but 
remarkable in effect, permits thia blocking and 
shadowing among separate objects. This le the 
use of a etorage CRT tube on which every frame 
Is painted (from the viewpoint or from the light 
source). The picture ls painted on the slorage 
CRT, neerest things first; and the return siynal 
from the sereen tells whether the space trace is 
crossing an area already painted during the 
frame. The tube's output signal then effectively 
constitutes @ silhouette. This clue indicates that 
the space trace should not be visible; and hence 
used to cul off brightness while the trace Is 
within the already-filled area. This gotes 
between two desired objects or pictures, fore- 
ground and background. If operated from the 
point of view of the light. It gates shadow: the 
Signal ls used to control the relative brightness 
of the shadowed and unshadowed features of 
puppet In 3-apace. 














A fascinating variety of embellishments 

has been put into these systems by Cl's ingen- 
lous engineers. Coloration of the nal video 
signel ls added by gating color levels under 
control of the brightness signal, permitting ple- 
turea with several grey-levels to be transformed 
to up to four rainbow hues. Separate shapes 
described by the space (race may be indepen- 
dently moved and jointed at the same time: 
Harrison pointedly calls such separate shapes 
"bones." Darkening at the backside of a spun 
shepe, or brightening at edges of a painted por- 
tion, and brightening in proportion to curl, are 
all etrange capabilites of thls machine. Lip- 
synchronized mouthlike motion can be imperted 
to any part of the shape spun by the space trace 
(whether or not a mouth is palnied on It), by an 
sudio detector feeding directly to the circuliry 
from a Ive mike. And the limbs of Cl’ ghostly 
figures can be made to swing by connection of 
sengors to the animators themselves-- in a living 
pantograph. 

SCANIMATE is a popular device now widely 
used (at CI's studios) for the making of TV com- 
mercials and slation-break emblems. This Is 
their simplest system, used for the conversion 
and discombobulation of fat srtwork. In Sceni- 
mate, the space trace is controlled by hand- 
operated potentiometers. Two separate oscillator 
settings are available, 60 thal the space trace 
can have wo separete oscillation patterns. 
ing oul two entirely different virtual shapes 
pace. A hand-throttle eases from one 
oscillator setting to (he other. This permita an 
image to be moved, shrunk or enlerged. or 
filpped; to go from whirling around to a sort of 
hula; and many more effects. The picture 
Painted on it may be scen to roll on invisible 
spindles, bloom into fountains. or undulate aa 
pennants-- all by modulating the brightness of 
the flying spot as it traces its unseen shape. 
This shape. In turn. can move between its two 
forms under control of the throttle. 

Animac 1 (usually called Animac) provides 
greater flexlbillty in controlling the space trace. 
The system's oselllations are controlled by an 
input vidicon, which artists may quickly modify 
with pastel check at the pickup. Ghostly tubu- 
lar lettering. swarming pendulum-patterne and 
jiggling fillgrees ere among the possible doodles. 








CAESAR, their newest system, is oriented 
toward Yogi Bear-type animation. The artist's 
cartoons are automatically superimposed on @ 
background or each other. They may be moved, 
and mede to wiggle under real-time control by 
the user. 


But lt is to Animec It that these curiosities 
lead. What Harrleon calls the "Snow White 
Capability” of Animac Il will permit the eculpture 
of full humanold puppete, with perhaps thirty 
articulated “bones,” opaque to one another and 
casting shadowe, colored, moving and talking. 


Tyo young fellas in a Manhattan loft, 
Meesrv. Rutt end Ecra, are offering a 
sachine sinilar to Scanimate but such 
cheoper. 
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not finely detailed-- the Inner 
n runs at 525 lines rather than 
but [t coats some $15,000 Instead 


of $150,000. 
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WHAT ABOUT REAL THREE-DIMENSIONAL 
DISPLAY? 


In science-fiction stories you hear about 
how objects are made to appear as if they're 
standing in the middle of the room. For instance, 
1 believe that in Heinlein's Stranger in a Strange 


Land they watched a "tank" in which things (—~ 
appeared. 
~~ 
Well, a lot of people have thought about —" 


this, and it's not so easy as you might think. 


One interesting scheme used a sort of 
translucent propellor, spinning rather fast, on 
which computer-generated images were pro- 
jected from below. It was done by the dotting 
method, so thet a bright dot of light would ap- 
pear high or low in space depending on whe- 
ther it was projected on a relatively high or low 
point on the propellor. 


vito 


s 
frou vbove, 
& nearby 





TRAD AEN t 
ea % <D PICOPE LOR , 


GOING LIKE A BASTARD 





This was interesting but had numerous 4 
disadvantages-- not the least of which was the 
danger of the thing Mying apart. (Translucent 


materials lend not to be as strong as, say, } » | 
metal.) Another basic problem, though, was ~ | 
the fact that any given point in the space could | P 


only be displayed at a given time, when the 
propellor's height in that region was just right, 
and that meant that at that given instant you 


U. 
couldn't display any of the other points that 
could only be displayed at that instant. A con- TUR a THE FO 


siderable disadvantage. 


UV. 


Probably the most astonishing 3D display There was a lot to be said for tents. They 
is Sutherland's Incredible Helmet. This consists could be made by tailors, rather than construc- 
of a helmet with two dinky CRTs mounted on it, tion gangs; they could be transported and stored 
each being driven in real time by a perspective flat. Their surface-to-volume ratios couldn't be 
system (such as the LDS-1) and set up with beat, 
prisms to the wearer's eyes. Through the prisms 
the wearer can see the real world in front of him. Noting this, an architect named Ron Resch 
Reflected in the prisms, however, and thus mixed said to himself: what about making large-scale 
into the view of the real world, is the glowing foldable structures, likeunto geodesic domes, 
wire-frame being presented to him-- in perspec that cou_ld be simply manufactured in sheet 
tive, and with its separate views merging into form and creased at the factory, then bolted and 
an apparent object in front of him. But he need cabled and strutted in the field? 
not e6tand still: as he moves, the helmet’s chan- 
ging position is monitored by the program, and Resch has now for yeare been experi- 
the display syetem changes the views accordingly menting with complex folded structures. 
meaning he can walk around and through a dis- 
played object. The illusion, and the possibilities, There's only one trouble. If you've 
are fantastic: imaginary architecture, explanations messed with paper airplanes you know that 
and diagrame of things in the room, poetry that folding is an inaccurate process, and so the 
changes as you welk through it, ... well, you prospect of discovering complex geometric struc- 
work on it. Not available commercially. tures by the hand-folding of paper is rather 

slim. 


Recognizing this, Resch hes contrived to 


r work at a computer display. His work-- the 
. 2 te search for great folding structures-- is one of 
ans the first practical uses of halftone polygon 
computer graphics. He is, naturally, at the 
University of Utah. 
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Lou Katz, of NYU, put old-fashioned stereop- 
ticons up to the CRT, and displayed two separate 
viewa to the two eyes. Works fine, even with 
deometric display. 


Bob Spinrad of Xerox Data Systems has a 
patent on displaying 3D from a eomputer through 
an ordinary color TV. Assuming you're using 
some etanderd way of refreshing the TV-- des- 
eribed elsewhere-- the image for one eye is dis- 
Played in green, the other in red, and you look 
through red and green glasses. The wonders of 
modern science. Spinrad chuckles over it him- 
self. 


Another scheme glued silver Mylar to the 
front of a loudspeaker, then played a soft hum 
through the loudspeaker (o pulse the Mylar back 
and forth. Then you used that as a mirror to 
look at what was going on the CRT-- which was 
showing 4 lot of points at odd places that would 
appear to be in space. Unfortunately this was 
herd to coordinate, and, like the propellor, 
often required you to put dots in several places 
at once, which don't work. 


For a while you could get-- maybe you 
still can-- a three-dimensional computer output 
device. Here's what it did: it created objects, 
showing data structures that had three variables. 
(it didn't make wire-frame objects or the like.) 
Automatically ejecting wire through a styrofoam 
block, and snipping the done ones, it created 
little mountains showing three-dimensional data. 
Very cute. Since many people have problems 
with mountainous computer data, it probably 
should have caught on. 


Then a lot of people mumble the word 
"holography ,” ss if that is going to settle some- 
thing. While holograms are terrific and remark- 
able, and have been produced on computers, 
meking them is not a process that can be cerried 
out decently on sequential machines-- let alone 
making them in real time. So if a solution to 
interactive three-dimensional computer display 
is going to come through holography, it means 
a whole new batch of technology will have to be 
invented. 


My friend Andrew J. Singer, who comes 
and goes in the computer field and is one of 
the five or six smartest people 1 ever met, says 
he knows how to build a display tank, and I 
believe him. He explained it quickly to me once 
and I asked him to tell it again, but he just said 
sadly, "What's the use-- there are 80 many 
great thinge that could be done..." 


FOUR DIMENSIONS, EGAD 


So much for three dimensions. Now, some 
readers ere bound to ask, "What about four dim- 
ensions?” because they are science-fiction fans 
or troublemakers or mathematicians or something. 


Just as we can make a two-dimensional 
picture of a three-dimensional object, it is pos- 
sible, dear reader, to make a two-dimensional 
picture of a four-dimensional object. 


What is a four-dimensional object? 


Why, any object that has four dimensions, 
(thanks a lot, you say), or even four measurable 
qualities, such es height, weight, age and grade 
point average. Well, let's not get into that, but 
fit turns out that views of such multidimensional 
structures may be obtained by the same homogen- 
eous matrix techniques already mentioned for 
regular perspective calculations. Rule of thumb: 
however many dimensions your data has originally, 
you add one more dimension, homogeneous with 
the rest, and there exist formulas (sorry, I don't 
have them) for view calculation. 


ote, of course, that while a two-dimen- 
sional view is a picture, a three-dimensional 
view is 4 three-dimensional object-- you'll have 
to view it on an interactive JD computer display 
of some kind.) 


Ef 2TH MINDS EYE 





From videotape, 

"The Hydrogen Atom 
According to 
Quantum Mechanics" 

by f.d. O'Donnell 
& David Parrish, 


It is 
especially 
Usually it 
finagling, 


usualiy hard to combine things: 
complicated technical things. 
takes infinite reconsiderations, 
modification, intertwingling. 


The Circle Graphics Habitat, however, 
is something else again. It results from 
two intricate, independent technological 
developments, each an intricate system care- 
fully crafted by an exceptionally talented 
person, coming together like two hands clap- 
ing. Like ham and eggs, like man and woman, 
Sandin's Image Processor and DeFanti's GRASS 
language conjoin directly and interact per- 
fectly as if they had been made for each 
other, which they were not. 


Dan Sandin's Image Processor (see p.JM2) 
is a system of circuit boxes that allow 
video images to be dynamically colored, mat- 
ted, dissolved and palpitated; Tom DeFanti's 
language (see "Coup de GRASS, p. bm ‘31) per- 
mits the rapid creation, viewing and manip- 
ulation of three-dimensional objects on the 
screen of a particular computer setup. 


To combine them, you just point Dan's 
system at Tom's system. 


Let's say that on the screen of Tom's 
system we are viewing an animated bird, 
flapping its wings. Since it's being shown 
on a three-dimensional refreshed line display 
(see pp.dm2zz-3,pm3o), it appears only as white 
lines on a dark screen. 


Dan merely points a TV camera at Tom's 
screen, and runs the TV signal into his Im- 
age Processor. Now, in the Image Processor, 
he gives it the magic of color. Different 
colors, interplaying with gradations and 
subtlety. 


From the Image Processor, the finished 
signal goes out to videotape recorders. 


What then have we overall? One of the 
world's most flexible facilities for the 
rapid production of educational videotapes. 


To explain something, you create a 
three-dimensional stick-figure "model" of it, 
using DeFanti's GRASS language. Then you 
make a videotape of it, showing rotations or 
other manipulations, using the Image Proces- 
sor to give it color. 


DeFanti and Sandin have spent much of 
the academic year '73-4 getting the kinks out 
of this procedure. (Many of the difficulties 
stem from the unreliability of videotape re- 
corders.) Stills from some of the first work 
are shown here, 


BIBLIOGRAPHY 
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Theodor H. Nelson, “Computer Graphics as 
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portedly to be called Computers and Graphics. 
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From videotape, 
"The Number Cruncher," 
by TDF @ DJS. 


From videotape, 
"The Spiral Tape," 
by DJS and TDF. 
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Ne Tissue OF THOUGHT 


Uneducated people typically think of 
education as the learning of a lot of facts 
and skills, While facts and skills certainly 
have their merits, "higher education" is also 
largely concerned with tying ideas together, 
and especially alternative structures of such 
tying-together: with showing you the vast un- 
certainties of things. 


A wonderful Japanese film of the fifties 
was called Rasho-Mon. It depicted a specific 
event-- a rape-- as told by five different 
People. As the audience watches the five se- 
parate stories, they must try to judge what 
Teally happened. 


The Rasho-Mon Principle: everything is 
like that. The complete truth about something 
is never known. 


Nobody tells the complete truth, though 
some try. Nobody knows the complete truth. 
Nowhere may we find printed the complete truth. 
There are only different views, assertions, 
supposed facts that support one view or another 
but are disputed by disbelievers in the particu- 
lar views; and so on. There are “agreed-on 
facts," but their meaning is often in doubt. 


The great compromise of the western world 
is that we go by the rule: assume that we never 
know the final truth about anything. There are 
continuing Issues, Mysteries, Continuing Dia- 
logues. What about flying saucers, “why Rome 
fell," was there a Passover Plot, and Did Roose- 
velt know Pearl Harbor would be attacked? 


Outsiders find the intellectual world pom- 
pous, vague in its undecided issues, stuffy in 
its quotes and citations. But in a way these 
are the sounds of battle. The clash of theories 
is what many find exhilarating about the intel- 
lectual world. The Scholarly Arena is simply 
: Sircys Maximus in which these battles are sche- 

uled, 


Many people think "science" is free from 
all this. These are people who do not know much 
about science. More and more is scientifically 
known, true; but it is repeatedly discovered that 
some scientific "knowledge" is untrue, and this 
problem is built into the system. The important 
thing about science is not that everything will 
be known, or that everything unanimously believ- 
ed by scientists is necessarily true, but that 
science contains a system for Seeking untruth 
and purging it. 


This is the great tradition of western 
civilization, The Western World is, in an 
important sense, a continuing dialogue among 
people who have thought different things. 
"Scholarship" is the tradition of trying to 
improve, collate and resolve uncertainties. 

The fundamental ground rules are that no issue 

is ever closed, no interconnection is Aspossibie. 
It all comes down to what is written, because 
the thoughts and minds themselves, oF course, do 
not last. (The apparatus of citation and foot- 
note are simply a combination of hat-tipping, 
go-look-if-you-don't-believe-me, and you-might- 
want-to-read- this-yourself.) 

"Knowledge," then-- and indeed most of our 
civilization and what remains of those previous-- 
is a vasty cross-tangle of ideas and evidential 
materials, not a pyramid of truth. So that pre- 
serving its structure, and improving its accessi- 
bility, is important to us all. 


Which is one reason we need hypertexts and 
thinkertoys. 
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HOW Yo LEARN ANYTHING 


As far aa 1 can tell, these are the techniques 
by bright people who want to learn something other aang 
by taking courses in lt. It's the way Ph.D.’s pick op 
@ second field; it's the way journalists ant “geniuses” 
operates lt brings the general understandings of a field 
that children of eminent people in that field get an a 


birthright, it's the way anybody can leare anythiog, if 
he has the nerve. vi 


1. DECLDE WHAT YOU MART TO LEAN. But you can’t 
know exactly, because of course you don't know exactly 
how any field is structured until you know all about it. 


oT, 
2. READ EVERYTHING YOU CAMs especially what you 
enjoy, since that way you can read more of It and faster. 


3. GRAB FOR INSIGHTS. Regardless of polnts others 
are trying to make, vhen you recognise an Insight that has 
meaning for you, make it your own. It may hawe to de with 
the shape of aplecules, or the pereanality of a specific 
emperor, or the quirks of a Great Man in the Field. [te 
importance is not how central it ie, but how clear and in- 
teresting ani memorable to you. REMEMBER IT. Than go for 
another. 


4. TIE INSIGHTS TOGETHER. Goon you will have your 
ow string of insights in a field, like the string of lights 
around a Christmas tree. 


5. CONCENTRATE OM MAGAZINES, MOT BODES. Magazines 
have far more insights per inch of text, and can be read 
wuch faster. But when a book really epeake to you, lavish 
attention onjt. 


6. PIND YOUR OW SPECLAL TOPICS, AMD PURSUR THEN. 


7. GO TO CONVENTICNS. Por soma reason, conventions are 
a splendid concentrated way to learn things; talking to people 
helps. Don't think you have to be amybody special to go to a 
conventions just plunk down your gonay. But you have to have 
a handle. Calling yourself a Consultant is good; "Student" is 
perfectly honorable. 


8. “PIND YOUR MAN.” Somewhere in the world is scmeone 
who will answer your questions extraordinarily well. If you 
find him, dog him. He may be a janitor or a teenage kid; no 
matter. Follow him with your begging-bowl, if that's what he 
wants, or take him to expensive restaurants, or whatever. 


9. KEEP IMPROVING YOUR QUESTIONS. Probably in your 
head there are questions that don't seem to line up with 
what you're hearing. Don't assume that-you don’t understand) 
keep adjusting the questions till you can get an answer that 
relates to what you wanted. 


10. YOUR PIELD IS BOUNDED WHERE YOU MANT IT TO BB. 
Just because others group and atereotype things in canventlan- 
al ways does not mean they are necessarily right. Intellectual 
eubjects are connected every whichway) your field is what you 
think Lt is. (Again, thie ie ane of the.thinga that wlll give 
you insights and keep you sotivated; but it will get you late 
trouble if you try to go for degrees.) 


There are limitations. This doesn't give you lab ex- 
perience, and you will continually have to be making up for 
gaps. But for alertnass and the ability to use bis mind, 
give me the man who's learned this way, rather than besn 
blinkered and clichéd to death within the educational eystem. 
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kids really used their minds. I've alvays been sure it 
was poasible; the R.EZ.S.1.$.1.0.R.S. (see p. 47) made 


me surer. 
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Verbal communication-- whether uritte. 
disaseembly of the Tinkertoy of thought 






"ON WRITING," 
a. paradicn & fhe creahye process 


being an examination of same very Complex Matters 
which Nobody Seems to Understand; and whose 
Generality of Relevance may be Gradually Apprehended. 
(Eventually I hope to develop a gamawhat more formal 
treatment of "ideas," as distinct fram propositions, 
sentence kernels, etc. But there is certainly no room 


for that here. (Logicians: show me the truth-table of 
"BUT.”) 


The procees of writing is poorly understood in most quarters. 
Many working writers despair of being "systematic," getting 
things done as beet they can. On the other hand, people who think 
they might be able to contribute-- particularly the symbolic logi- 
cians and transformational linguists-- being immereed in their own 
formalisms, eimply don't see what's going on— at least, when I've 
tried to talk to them. 


_ Writing ie not simple. Ae with vision or speech or riding a 
bicycle, an immensely complex process is being unconsciously pur- 
sued. 


Some people think you make an outline and follow it, filling 
out the detaile of the outline until the piece is finished. This 
is abeurd. (True, some people can do this, but that is simply a 
shortcutting of the real process.) Basically writing is 


‘THE TRY-AND~TRY-AGAIN INTERPLAY of PARTS AND DETAILS against 
OVERALL AND UNIFYING IDEAS WHICH KEEP CHANGING. 


In fact a number of things are happening, often simultaneously. 
We can separate them into three: 


1. Provisional development of ideas and points: 
A) forming overall organizing ideas, B) selecting ten- 
tative points: C) inductively finding overall organiza~ 
tion among them; D) finding relations of interest between 
points. 

2. Complex sifting and adjustment among collections of points, 
overall ideas. 





3. Fine splicing within developed sequences. 
A) transition and juxtaposition managements, B) cress- 
citations, C) smoothing. cs 


Regrettably, there's no room or time to pureue thie here. 
(The article I had intended to write would take a whole spread.) 
Por people who really care about the matter, I will make some 
points in very abbreviated form. 


The interesting structures in written material include: 


“Pointe"— pieces, sentences, phrases, examples, plot events, 
and expository "points. 





Organizing principles and structures (which we will call here 
arches)-- final ironies, things to be led up to, themes, 
plo! concepts, principles, expository structures, -or- 
ganizing titles, overconcepts. These may be either local 
or global, over the entire work. (Note: arches may not 
be heirarchical relative to one another.) 





Now, we may think of points and arches as individual objects 
which have individual relations to one another. Between two points 
there may be a good transition; a specific point may link well to a 
specific arch. 


The problem in writing, then, is that overall structures you 
choose (systems of arches) may not link well to the points that 
have to be included among them; and that transitions between polnts 
don't work out the way you want them to. Good transitions can’t be 
worked out for the sequence of points you want to make, or, alter- 
natively, there are too many good transitions within a epecific 
structure of pointe, and picking among them involves difficult 
choices-- especially when you have to devise appropriate arches on 
the -basis of the final sequence of points. 


There are a number of other important structures in written 
material. They include accordances, juxtapositions, crose-citations, 
connotations, nuances and rhythms. 


The only onea we will discuss here are accordances. 


The term "accordance," as I shall use it here, is simply a 
vaguely formal way of talking about whether thinga match or fit 
together. ‘Two items are in accord if they match or fit well, or in 
discord if they match or Fit badly. Thus a good transition between 
points (as mentioned early) represents an accord, and a good link 
between a point and an arch is also an accord. 
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into pieces, and placing it on a 


conveyor belt to ita place of 
reassembly. a as 
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Now, it happens that a great deal of writing is concerned with 
Notes to the reader about accordances in the material. In fact, 
quite a few words are exclusively concerned with subtly pointing out 
to the reader the accords and discords within the expository structure 
of what he is reading. We may call these accordance-connectives or 
accordance-notes. 





Two of the most basic terms are indeed and but. 
The word indeed has an interesting function. 


The word indeed (in its main use, at the beginning of a sentence) 
indicates an accord between what has just been said and what is to 
follow. In other words, it functions as a positive transition, impe- 
tus or gas pedal, indicating a continuation of the flow in the direction 
already Indicated. So do the words thus, then, therefore, moreover, 80 
and furthermore. These are infix accords, that is, notes of accord 
that go between two items. We aleo eee prefix accords, such ae 

since, inasmuch as, insofar as; these have to be followed by 
two clauses, the second of which is in accord with the first. 











The word but is exactly the apposite. It indicates a discord or 
contradistinction, a negative transition, "brakes" in the flow. Other 
uch infix discords include nevertheless, despite thie, on the other 
hand, even so, and “Actually,..." Similarly, there are prefix dis- 


while, despite, though..., notwithstanding. 


I find thie topic of inquiry very interesting. These sorts of 
terms have been used since time immemorial by writers adjusting their 
traneitions for smooth flow (note such antiquey variants ae haply, 
howbeit, withal, forasmuch and howsamever), but the importance and 
structure of this service has net, I think, been generally underetood. 








(Note also that there are more intricate accordance-connectives: 
I wieh we could go here into the structure of In fact..., at least, 
-.-if not... , ... otherwise... , Anyway... , and Now.+..) 





(Note: the try-and-try-again revision and reconsideration procese, 
tinkering with structural interconnections, is a universal component 
of the creative process in everything fram movie editing to machine 
design. There ought to be a name for it. I can't think of a satisfac— 
tory one, although I would commend to your attention grandesigning, 
piece-whole diddlework, grand fuddling, meta-mogrification, and 
that most exalted possibility, tagnebulopsis (the visualization of 
structure in clouds) .) 


THE HERITAGE 


The past is like the receding view out the back 
of an automobile: the most recent is more conspicuous, 
and everything seemeventually to be lost. 


We know we chould save things, but what? Those 
with the job of saving things— the libraries and m- 
seums-- eave eo many of the wrong things, the fashionable 
and expensive and high-toned things eateemad by a given 
time, and moet of che rest slips past. Each generation 
seems to ridicule the things held in esteem by times be- 
fore, but of couree thie can never be a guide to what 
should be saved. And there ie so mich to save: music, 
writing, sinking Venice, vaniehing epecies. 


But why should things be saved? Everything is 
deeply intertwingled. We eave for knowledge and nos~ 
talgia, but what we thought was knowledge often turne 
to nostalgia, and nostalgia ofteo brings ue deeper in- 
eighte that cut across our lives and very selves.* 








Computere offer an interesting daydream: that ve 
may be able to store thinge digitally instead of 
Physically. In other words, turn the libraries to digi- 
tal etorage (see Hypertents, Pp. Wt); digitize pafatings 
and photographs (see "Picture Processing, p.% io ); even 
digitize the genetic codes of animals, so that species 
can be restored at future dai (eee “The Mitiest Com- 


puter," p. 60). 





Digital storage po 6 eeveral apecial advantages. 
Digitally stored materiale may be copied by automatic 
means; corrective measures are possible, to prevent errors 
from creeping in— i.e., “no deterioration" in principle; 
and they could be kept in varioue places, lessening aan~ 
kind's dependence on its egge being all in one basket (like 
the Library st Alexandria, whose burning during the occupa- 
tion of Juliue Caesar was one of the greatest losees in 
human history). 





But this would of course require far more compact 
and reliable forms of digital storage than exist right now. 


Nevertheless, we better start thinking about it. 
Those who fear a coming holocaust (see p. 3) had best think 
about pulling some part of mankind through, with eowe part of 


what he used to have. 


* See T.H. Neleon, The Snunking of the Heart: On the 
Psychology of Puns and Preteriem in Carroll and Others. 
1980, unless a decent writing system comes along. 
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BRAN CHING 
Se TanONtL SYSTEMS —. 


YPEKMEDIA: 


In recent years a very basic change has occurred in 
presentational systems of all kinds. We may summarize it 
under the name branching, slthough there are many variants. 
Essentially, today’s systems for presenting pictures, texts 
and whatnot can bring you different things automatically 
depending on what you do. Selection of this type is gener- 
ally called branching. (I have suggested the generic term 
hypermedia for presentational media which perform in this 
(and other) multidimensional ways.) 


A number of branching media exist or are possible. 
Branching movies or hyperfilms (see nearby). 
Branching texts or hypertexts (see nearby). 
Branching audio, music, etc. 

Branching slide-shows, 


Wish we could get into some of that stuff here. 


BRANCHING MOVIES 


The idea of branching movies is quite exciting. 
The possibility of it is another thing entirely. 


The only system I know of that worked was at the 
1967 Montreal World's Fair (Expo 67). At the Czech 
Pavilion-- you will recall that before the crackdown 
they had quite a yeasty culture going in Czechoslovakia-- 
there were some terrific fantic systems going. One was 
a wall of cubes with slide projectors inside (that roll- 
ed toward you and back as they changed their pictures). 
And then the Movie. 


The Czechoslovakian Branching Movie-- I forget its 
real name-- had the audience vote on what was to happen 
next at a number of different junctures. What should 
she do now, what will he do next, etc. And lo and behold? 
after they had voted, the lights went down, and that's 
what would happen next. People agreed that this gave 
the movie a special immediacy. 





I never saw the movie-- I waited in line several 
hours but the line was too long to get into the last show- 
ing. So instead I went backstage and talked to Radusz Cin- 
cera, who worked out the system. It turns out that it 
didn't work quite the way people supposed. A lot of people 
thought that “all the possibilities" had been filmed in ad- 
vance. Actually, there were always only two possibilities, 
and no matter what the audience had chosen, somehow the film 
was plotted to come down to the same next choice anyway: 





In the actual setup, they simply had two projectors 
running side by side, with Film A and Film B, and the 
projectionist would drop an opaque slide in front of 
whichever wasn't chosen. But Cincera said that aud- 
iences almost always chose the same alternatives anyway, 
so half the movie was hardly ever used... 


In the early sixties a movie was making the rounds 
in which audiences were supposedly allowed to vote on the 
ending-- “Mr. Sardonicus," I believe it was called. From 
the ads it seemed that audiences would be polled ag to 
which last reel to show, Whether the villain was to get 
his comeuppance, or whatever. 


Then there was that Panacolor cartridge projector, 
mentioned elsewhere, which would have allowed choices by 
the user 


More recently there's the CMX system, also mentioned 
elsewhere. This is a setup, being jointly marketed by 
CBS and Memorex, for computer-controlled movie editing. 
But actually it could also he used ag a branching movie sy- 
etem, Essentially the movie itself is stored frame-by- 
frame (as video) on big disks, made by Memorex; and, under 
computer control, the output can be switched rapidly among 
the frames, effectively showing the stored movies. (To my 
knowledge, the video networks haven't yet recognized the 
possibilities of this.) 


The only trouble is, it's extremely expensive (half a 
million?), it has an exact storage capacity limited by the 
number of disk tracks (presumably one track per frame)-- 
Perhaps five minutes total one one big unit, but you can 
buy more-- and it can only give its full performance to 


one viewer at a time.) (Or to fle whole neberte, |-ve-} ical, 


HYPERTEXT 


By "hypertext" I mean non-sequential 
writing. 


Ordinary writing is sequential for two 
First, it grew out of speech and 
making, which have to be sequential; 
because books are not convenient 
to read except in a sequence. 


reasons. 
speech- 
and second, 


But the structures of ideas are not se- 
They tie together every whichway. 
we are always trying to 
-sequential ways 
te is a break from 


quential. — 
And when we write, 
tie things together in non 
(see p.84 YZ). 
sequence; but it cannot Tea : 
(though some, like Will Cuppy, have toye 
with the technique). 


The footno 
not real: 


I have run into perhaps 
who understood this instant 
to them about a jee e eecniyia 
more bemused, thinking I'm t 
something technical or pointlessly philocoph: ready. 

i ss at all: t ’ 
It's not pointle at attiave to write 


ly when I talked 
Most people, however, act get around the problem of indexing and review- 


writers do better if they 


REALITY 1S OBSOLETE 


The idea that objective reality is i 

perceived by our senses, 
tas Obsolete concept. Old truisms like “seeing i belfeving”, 
Hoes less believable as we become more aware that, the 
; ogical machinery of life itself, transforms images of the 
pays ical world before we are made conscious of them, These 
biological mechanisms share many similarities in principle and 
in application, to other mechanisms observed in the natural 
environment and those invented for our own use. Since we are 
ecoming more aware of the nature of perception and those 
Mechanisms involved, now is the time to gain control-“of our- 
selves and share more discretion in the operattbn- of our own 
biological machinery. We have entered the age of hyper-reality. 


Day-to-day living provides only a limited variety of 
physical stimulus, and little incentiva to santgulate: the 
physiological and psychological processing involved. Man's 
historical preoccupation with the need to maintain constant 
images of the physical world, 1s a product of his extreme 
orientation toward physical survival in a hostile environment. 
The current evolving society of leisure orientations removes 
this need for constant images and thereby enhances the opportunities 
for a more complete use of the sensory apparatus and those re- 
lated brain functions. Many have turned to drugs or meditation. 
More specifically it is proposed here, that modern communications 
technology be employed as a “vehicle of departure” from this need 
for constant images, to bring about a more complete use of the 
human technology itself. Hyper-reality is the employment of 
technology other than the biological machinery, when used to 
affect the performance of the biological machinery beyond its 
own limitations. This is almost like making adjustments on a 
television set, except you are what's plugged in, and the con- 
trols are outside your body, being part of whatever technology 
is interfaced to the body itself. As part of such a man- 
machine interface you could extend your own mental processes, 
or if you should choose, you ‘could just diddle with the dials. 
Hyper-reality is an opportunity to enhance the various qualities 
of the human experience. Reality is obsolete. 


-- How Wachapress (see p. DM 6) 
COPYRIGHT 1973 AUDITAC, LTD. 


| GREBNETUG- 


Now, in our time, we are turning Gutenberg 
around. The tachnology of movable type created 
certain structures and practices around the writ- 
ten word. Now the technology of computer screen 
displays make possible almost pd structures and 


practices you can imagine for the written word. 


So now what? 


For new forms of written communication am- 
ong people who know each other, jump to "Engel- 
bart" piece, nearby. 


To learn about new forms of multidimensional 
documents for computer screens, jump to “Hyper- 
texts." 


Or just feel free to browse. 


(The astute reader, and anybody who's gotten 
to this point must be, will have noticed that 
this book is in “magazine” layout, organized 
visually by ideas and meanings, for that pre- 
cise reason. I will be interested to hear 
whether that has worked.) 


And the pity of it is that (like the man 
in the French play who was surprised to learn 
that he had been "speaking prose all his life 
and never known it"), we've been speaking 
hypertext all our lives and never known it. 


Now, many writers have tried to break 
away from os ere 1 ShLnk ot NabOED ys 
Pale Fire, of Tristram Shandy and an odd novel 
of Lazaro Cortazar talled Hopscotch, made up 
of sections ending with numbers telling you 
where you can branch to. There are many more; 
and large books generally use many tricks to 


ly be extended 


a dozen people 
g to tell them ing what bas and hasn't been said or done al- 


However, in my view, a new day is dawning. 


It may be that the most practical branching movie 
system would be a cartridge movie viewer and a big stack of 
cartridges. When you make your choice, change the cart- 
ridge. But of course that's not as much fun as having it 
happen automatically. 


i nce (but may create multiple struc- 
eer and alternatives), and reacere 
do better if they don't have to read ane 4 
uence, but may establish impressions, 20 Pei 
around, and try different pathways un peta 
find the ones they want to study mos 


Computer storage and screen display mean that 
we no longer have to have things in sequence; 
totally arbitrary structures are possible, ané 
I think that after we've tried them enough 
people will see how desirable they are. 


TYPES OF HYPERTEXT 


Let's assume that you have a high-power 
display-- and storage displays won't do, be- 
cause you have to see things move in order 
to understand where they come from and what 
they mean. (Especially text.) So it has to 
be a refreshed CRT. 


Basic or chunk style hypertext offers 
choices, either as footnote-markers (like 
asterisks) or labels at the end of a chunk, 


Whatever you point at then cumes to the screen. 


Collateral hypertext means compound an- 
notations or parait T text (see p. Sm Y2).- 


Stretchtext changes continuously. This 
requires very unusual techniques (see peoMmI7 ), 
but exemplifies how "continuous" hypertext might 
work. 


Ideally, chunk and continuous and collateral 
hypertext could all be combined (and in turn col- 
laterally linked; see "Thinkertoys," p.DA52). 


A “fresh” or "specific" hypertext-- I don't 
have a better term at the moment-- would consist 
of material especially written for some purpose. 
An anthological hypertext, however, would consist 
of materials brought together from all over, like 
an anthological book. 


A grand hypertext, then, folks, would be 
a hypertext consisting of "everything" written 
about a subject, or vaguely relevant to it, 
tied together by editors (and NOT by "prog- 
rammers," dammit), in which you may read in 
all the directions you wish to pursue. There 
can be alternative pathways For people who 
think different ways. People who have to 
have one thing explained to them at a time-- 
many have insisted to me that this is normal, 
although I contend that it is a pathological 
condition-- may have that; others, learning 
like true human beings, may gather and sift im- 
pressions until the ideas become clear. 


And then, of course, you see the real 
dream. 


The real dream is for “everything” to be 
in the hypertext. 


.Everything you read, you read from the 
screen (and can always get back to right away); 
everything you write, you write at the screen 
(and can cross-link to whatever you read; see 
Canons, p.bWwst). 


Paper moulders. Microfilm is inconvenient. 

In the best libraries it takes at least min-° 
utes to get a particular thing. But as to 
linking them together-- footnoting Aeschylus 
with Marcus Aurelius, linking genetic data 

to 15th-century accounts of Indian tribes-- 
well, you can only do it on paper by writing 
something new that ties them together. Isn't 
that ridiculous? When you could do it all 
electronically in seconds? 


Now that we have all these wonderful de- 
vices, it should be the goal of society to put 
them in the service of truth and learning. 
And this is the way I propose. Not through 
obscure forms of “information retrieval;" not 
through newly oppressive forms of "computer- 
assisted instruction;" and not through a pur- 
ported science of "artifical intelligence" 
that will create new personalisms to irk us. 
All these obstructive oddities, I think, have 
developed as separate ideals because of the 
grand preposterosity of Professionalism that 
has created a world-wide cult of mutual incom- 
prehensibility and disconnected special goals. 
Now we need to get everybody together again. 
We want to £0 back to the roots of our civil- 
ization-- the ability, which we once had, for 
everybody who could read to be able to read 
everything. We must once again become a com- 
munity of common access to a shared heritage. 


This was of course what Vannevar Bush 
said in 1945 (see 4é*fr), in an article every- 
body cites but nobody reads. 


The hypertext solution in many ways ob- 
viates some of these other approaches, and in 
addition retains and puts back together the 
great traditions of literature and scholarship, 
traditions based on the fact that dividing 
things up arbitrarily just generally doesn't 
work, 


EVERYTHING IS DEEPLY INTERTWINGLED. 


(The only way in which my views differ 
with those of Engelbart and Pask, I think is 
in the matter of structure and hierarchy. 
Both men generally assume that whatever 
natural hierarchy may exist in particular 
subjects needs to be accentuated; I hold that 
all structures must be treated as totally ar- 
bitrary, and any hierarchies we find are inter- 
esting accidents.) 


CAN IT BE DONE? 
I dunno, 


Licklider, one of computerdom's Great Men, 
estimated in 1965 that to handle all text by 
computer, and bring it out to screens, would 
cost no more than what we pay for all text 
handling now. (But of course there is the 
problem of what to do with the people whose 
lives are built around paper; that can't be 
taken up here.) 


The people who make big computers say 
that to get the big disk storage to hold great 
amounts of text, you have to get their biggest 
computers. Which is a laugh and a half. ne 
IBM-style computer person pompous ly told me 
that for large-scale text handling the only 
appropriate machine was an IBM 360/67 (a shame- 
fully large computer). Such people seem not 
to understand about minicomputers or the po- 
tential of minicomputer networks-- using, of 
course, big disks. 


There are of course questions of relia- 
bility, of "big brother" (see Canons, p. Ve 
and so on. But I think these.matters can be 
handled, 


The key is that people will pay for it. 
I am sure that if we can ‘bring the cost down 
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es, 


EVERYTHING 
IS DEEPLY INTERTWINGLED. 


In an important sense there are 
no "eubjects"” at all; there only 
all knowledge, since the croas- 
connections among the myriad toptca 
of thie world simply cannot ber 
divided up neatly, 





Hypertext at last offers the Poeatbility 
of representing and exploring it all 





to two dollars an hour-- one for the local without carving tt up destructively. 


machine (more than a "terminal"), one for the 
material (including storage, transmission and 
copyrights)-- there's a big, big market. (And 
that's what the Xanadu network is about; see 
Pp. DMS7.) My assumption is that the way to do 
this is not through big business (since all 
these corporations can see is other corpora- 
tions); not through government (hypertext is 
not committee-oriented, but individualistic-- 
and grants can only be gotten through sesqui- 
pedalian and obfuscatory pompizzazz); but 
through the byways of the private enterprise 
system. I think the same spirit that gave us 
McDonald's and kandy keolor het rod accessories 
may pull us through here. (See Xanadu Network, 


P. DAS.) 


Obviously, putting man's entire heritage Qt 
into a hypertext is going to take awhile. But >) VQ 
it can and should be done. 


Arthur C. Clarke wrote a book entitled 
The Lost Worlds of 2001 (Signet, 1972), 
about the variants and alternatives of 
that story that did not find their way 
to the screen. 


In a hypertext version, we could look 
at them all in context, in collateral 
views, and see the related variants-- 
with annotations, 
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COULDN'T HAVE HYPERTEXT NOVELS, YOU SAY? 


edstons effect s 
pie oe 
Gee “Rakerteys * 


bong articles, corefdl 
ofice for wove lap) 


Consider the hypertext character of — 
Tristram Shandy, by Sterne. 
Spoon River Anthology, by Masters. 
Hopscotch, by Cortazar. 
Pale Fire, by Nabokov. 
Remembrance of Things Past, by Proust. 








( 





And, surprisingly, hypertext actually 
PIGURES IN Giles Goat-Boy, by Barth. 
Britannica Z's basically a 3-level hypertext, 

made to fit on printed pages by the strictures of 

Adler's editing (according to Newsweek, some 200 

authors withdrew their work rather than submit to 

the kind of restrictions he was Imposing). 


The Idea may be basically good, even though 
the sesqulpaedallan titles may Impaed the raeder. 


THE BURNING BUSH 


In fact hypertexts were foreseen very 
clearly in 1945 by Vannevar Bush, Roosevelt's 
science advisor. When the war was in the bag, 
he published a little article on various groovy 
things that had become possible by that time. 


"As We May Think" (Atlantic Monthly, July, 
1945) is most notable for its clear description 
of various hypertext techniques-- that is, link- 
ages between documents which may bé brought rap- 
idly to the screen according to their linkages. 
(So what if he thought they'd be on microfilm.) 


GLINDA'S MAGIC BOOK 


Glinda the Good, gentle sorceress of the 
southern quadrant of the land of Oz-- not the 
flaphead portrayed by Billle Burke [n the 
Goldwynized film-- has.a Magic Book [In which 
Everything That Happens Is written. 


How characteristic of Professionalism. 
Bush's article has been taken as the starting 
point for the field of Information Retrieval 
(see p. ), but its actual contents have been 
ignored by acclamation. Information Retrieval 
folk have mostly done very different things, yet 
thought they were in the tradition. 


The question, of course, 1s how It's 
chosen. 


You can only watch news tickers for a 
short time before getting very bored. Now people are "rediscovering" the article. 
If there's another edition of this book I hope 
I can fun it in entirety. vo 
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ENGELBART AND 
"TRE HUGHENTATION 
OF INTELLECT “ 


Douglas Engelbart is a saintly man at 
Stanford Research Institute whose dream has 
been to make people smarter and bring them 
together. His system, on which millions of 
dollars have been spent, is a wonder and a 
glory. 


He began as an engineer of CRTs (see 
"Lightning in a Bottle," p.DM6); but his 
driving thought was, quite correctly, that 
these remarkable objects could be used to 
expand man's mind and improve each shining 
hour. 


Doug Engelbart’s vision has never been 
restricted to narrow technical issues. From 
the beginning his concern was not merely to 
plank people down at display consoles, but 
in the most profound sense to expand man's 
mind. “The Augmentation of Human Intellect," 
he calls it, by which he means making minds 
work better by giving them better tools to 
work with. 


An obvious example is writing: before 
people could write things down, men could 
only learn what they experienced or were 
told by others in person; writing changed 
all that. Within the computer-screen fra- 
ternity, the next step ig obvious; screens 
can double and redouble our intellectual 
capacities. But this is not obvious to every- 
body. Engelbart, patiently instructing those 
outside, came up with a beautiful example. 

To show what he meant by the Augmentation of 
Intellect, Engelbart tied a pencil to a brick. 
Then he actually made someone write with it. 
The reault, which was of course dreadful, En- 
gelbart solemnly put into a published report. 
Not yet being able cto demonstrate the aug- 
mentation of intellect, since he had as yet 

no system to show off, he had masterfully de- 
monstrated the disaugmentation of intellect: 
what happens if you make man's tools for work- 
ing out his thoughts worse instead of better. 
As this poor guy was with his brickified pen- 
cil, explained Engelbart, so are we all among 
our bochersome, inflexible systems of paper. 


Starcing small, Engelbart programmed up 
a small version of what most fans call "The 
Engelbart System" some ten years ago. One 
version has it that when it came to looking 
for grants, management thought he acted too 
kooky, and so assigned a Front Man to make 
the presentation. But, as the story goes, 
the man from ARPA (see “Military...", p. 54) 
pointed at Engelbart and said, “We want to 
back him." 


A small but dedicated group at SRI has 
built up a system from scratch. First they 
used little CDC 1700 minicomputers; then, 
various grants later, they were able to set 
up their own PDP-10, in which the system now 
resides, and from which it reaches out ac- 
ross the country. 


Doug calls hie system NLS, or “oN-Line 
System." Basically it ia a highly responsive, 
deeply-structured text system, feeding out to 
display terminals. From a terminal you may 
read anything you or others have written, and 
write with as-yet-unmatched flexibility. 





The display terminals are all over. The 
project has gone national, though at great ex- 
pense: through the ARPA net of computers, you 
can in principle become a user of NLS for 
something like $50,000 a year. 





THE “KNOWLEDGE WORKSHOP" 


For a lucky fifty or so people, Engelbart's 
system is Home. Wherever they are-- at Stan- 
ford Research Institute or far away on the 
ARPAnet— a whole world of secretarial and 
communication services is at their fingertips. 
The user has but to call up through his dis- 
play terminal and log on. At that point all 
his written files, and numerous files shared 
among the usere, are at hie fingertips. He 
may read, write, annotate the cross-link. 
(Engelbart's system has provieion for col- 
lateral structuring: see "Thinkertoys," p52.) 
He may send messages to others in the Workshop. 
He may open certain of his files to other 
pecple, and read those that have been opened 
to him. 


This all has a certain vagueness if you 
do not understand how bound you are today by 
paper-- the problems of finding it, sorting 
it, looking things up. (If you write, that 
is, write a lot, you know all too well how 
intractable is paper, what a damned nuisance.) 
With a system like Eogelbart's, now, whatever 
is written is instantly there. Whatever you 
want to look up is inetantly there, simultan- 
eously interconnected to everything else it 
should be connected to-- source materials, 
footnotes, comments and so on. A document is 
completed the moment it is written: no human 
being has to retype it. (It need not be typed 
on paper at all, if it’s just for the workshop 
members: a printout is only needed if it has 
te go to someone outside the system.) 


In many ways, Engelbart's system is a pro- 
totype for the world of the future, I hope. 
ALL HANDLING OF PAPER IS ELIMINATED. Whatever 
you write, you write on the screens with key- 
board and pointer. (No more backs of envelopes, 
yellow pads, file cards, typewriters.) What- 
ever you transmit to fellow users of the system 
you simply ‘release'-- no physical paper changes 
hands. 


The group has aleo worked out some remark- 
able techniques for collaborative endeavor. 
Two people— say, one in California and one in 
New York-- can work together through their 
screens, plus a phone link; it's as if they 
were side-by-side at a magic table. Each sees 
on his ecreen what the other sees; each controls 
a moving dot (or “cursor") that shows where he's 
pointing. The effect is somewhere between a 
blackboard and a desk; both may call up docu- 
ments, point things out in them, change them, 
and anything else two people might do when work- 
ing on something together. 





Engelbart meets with someone 
far away, ae othere watch, 


THE SYSTEM ITSELF 


Basically the system ia a large-scale setup 
for the storage, bringing forth, viewing and 
revieion of documents and connections among them. 


The documents are stored (of couree) in 
alphabetical codes. Connections among them, 
or other relations within them, are signalled 
by the presence of other codes within then; 
these are ordinarily not displayed, however, 
except as directed by a particular display 
Program and display programs can of couree 
vary. 


There are various programs for display, 
in large part depending on what eort of 
screen syetem the individual user has. 
(NLS is used with everything from high-reso- 
lution line-draving acreens converted to 1000- 
line television, down to inexpensive Delta 
Data terminale— a brand, incidentally, that 
allowa text motion, which most don't) Engel- 
bart'e system ie extremely general, allowing 
the creation of files having all kinde of 
etructur and display programs in all kinde 
of etyles. (I hope that this side of the pre- 
eent book conveys a sense of how ashy styles 
that can be.) However, moet usere are devoted 
to certain standardized etyles of working that 
have been well worked out and permit the easy 
eharing of material of operating practices. 
Here, for instance, ie) standard ecreen layout: 














t TF COMMANDS TNL, 
VIEW INDICATS LES SO Senne SMES 
= fels 


(WHat vey Tyee i 
AAY BE CoAMmINneD HERE) 


FILe WINDOW 1 


FILe WINDOW 2 


Two separate panels of text appear, and links 
may be shown on them. (Thue it's a thinkertoy— 
see p. .) Teo little windows at the top re- 
mind you of what you're seeing and what you're 
asking for. We can't get into the reat of it 
here 





THE COMMAND LANGUAGE 


NLS hae e coumand language which all 
users must learn. While it is a etream- 
lined and straightforward command language, 
neverthelees it requires the user to type 
in a specific sequence of alphabetical 
charactere every time he wante something 
done. (This ie acceptable to computer- 
oriented people; I suspect it would not 
be satisfactory, say, for philosophers 
and novelists. For designs oriented to 
such users, see JOT (p?*50) and Carmody'e 
System, nearby, Parallel Textface (po ) 
and Th3 (p.\ASy).) 





Incidentally, NLS usere may aleo employ 
acute little keyboard, something like a 
kalimba, that allows you to type with one 
hand. You simply type the six significant 
ASCII bits (see chart p. 29) in one “chonl" 
— it sounds hard but is easy to learn. 


Sample commands: I (insert), D (delete), 
M (move or rearrange). Then you point with 
the mouse. 


MOUSE? 


The Engelbart Folks have built a pointing 
device, For telling the ayetem where you're 
pointing on the screen, that is considerably 
faster and handier than a lightpen. (Unfor- 
tunately, I don't believe it's coumercially 
available.) It's called The Mouse. 


The Engelbart Mouse is a little box with 
hidden wheels underneath and a cable to the 
terminal. As you roll it, the wheel's turns 
are signalled to the computer and the comput— 
er moves the cursor on the screen. It's fast 
and accurate, and in fact beats a lightpen 
hande down in working speed. 





Through the command language, NLS allows 
users to create programs that respond in all 
sorte of ways; thus the fact that certain text- 
handling st: are standard (as in above il- 
lustration of screen layout) results more from 
tradition than neceesity. 








The came apparently ie true of che data 
structure. I uaed to be somavhat disturbed 
at the vay Engelbart'a teat eystems seen to 
be rigorously hierarchical. This in fact is 
the case, in the sense chet having milciple 
discrete levels ie built deep into the system, 
But it turna out to be harmless. The stored 
tet ie divided by the storage techniques ip- 
to mlciple levela, corresponding to a Harvard 
outline. Think of it ae something like this: 





1. HIERARCHICAL FORMAT 


A. STORAGE 
B. DISPLAY 
C. LANGUAGE 


Bue let's expand thie example a little: 


1. HIERARCHICAL FORMAT 
A. STORAGE 
Al. Everything in NLS 1s stored 
with hierarchical codes. 
A2. Their effect depends on the 
display. 
B. DISPLAY 
Bl. The hierarchical codes of 
NLS have no consequences in 
th fs 
B2. The hierarchical codes for 
NLS can splay the material 
out into a variety of die- 
play arrangements. 
B2A. They can be displayed 
in outline form 
B2B. They can be displayed 
in normal text fora. 
B2C. These dratted numbers 
can even be made to 
disappear. 





C. LANGUAGE 
cl. 





mines what the dieplay ahovs 
of the hierarchical etructure. 
¢2. What is show can be deter- 
mined by # program in the 
command language. (For in- 
stance, “how aany levels 
down" it ia being shown). 
C2A. This is four levels 
dom. (The earlier 
example wasn't.) 
C3. The display format all de~ 
pende on what display pro- 
@ram you use, in the HLS 
command language. 








That's enough of that. 1 can't help re- 
marking that I still don'¢ like that eort of 
atructuring, but it is deep in NLS, and if 
you don't like it either (poor deprived lucky 
uger of HLS) you can program it to disappear, 
go it's bardly in your way. 





BY THE BEARD OF THE PROPHET! 


Engelbart in German means Angelbeard; Doug 
Engelbart ie Indeed on che oide of the angels. 
In building hie mighty system he point 
way for humanity, The eooner the better. Any 
history of che tventieth century will certainly 
hold him high. Fev great men are also euch 
nice guys. 
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The Augmantation of Intettect. Infamous Ape Sequence from my alide-shou. 





he VERY BASIC. HRPERTEXT SYSTEM 


Hypertext 1s non-sequential writing. It's no good to us, 
though, unless wa can go instantly in a choice of directions 
from a given point. 


Thie of courae can only mean on computer dleplay screens. 


Engelbart's syetem, now, was mainly designed fer people vho 


wanted to immerse themselves in it and learn its conventions. 


Indeed, it might be said to have been designed for a ccmmunity 
of people in close contact, a sort of system of blackboards and 


collaborative talking papers. 


A more elemental system, with a different slant, was put 


together at Brown U. on IBM equipsent. We'll refer to it here 


as "Carmody‘e System,” after the young programmer whose name 
came firet on the writeup. 


Carmody's system runs an an IBM 360 with 2250 display. 


While the 2250 is a fine piece of equipment, the quirks of the 


360'e operating system (see p. 4S ) often delay the user by 
making him wait, e.g., for scmmone eo: 
before it responds to hie more immed: uses; this ls like 
Making ice-akaters wait for axcarts. 





Anyway, the system essentially imposes no structure on 
the material, it may consiet of text segments of any length 
and ties and links between them. An asterisk appearing any- 
where in one piece of text eignale a possible jump, but the 


Feader doesn't necessarily know where to) zapping the asterisk 


with the lightpen takes you there, however. 





This is stark and elmple. It could also get you good 
and lost. However, a simple technique took care of that: 
everyfime the user jumped, the address of his previous 
location was saved on a stack (see "The Magic of the Stack,“ 
B- 2). The user also had a RETURN button: when he wanted 
te go back to where he had last jumped from, the system 
would pop the last address off the top of the stack, and 
take him there. (This feature was adapted from my 1967 
Stretchtext paper, and turned out to work out quite well 
in practice.) 








The system also had handy features for light-pen text 
editing, and various nice printout techniques. All told, 
it was a clean and powerful design. While it lacked higher- 
level visualization facilities, like Engelbart‘s dieplay of 
Levels (see “outline” in Engelbart article) or collateral 


"e@ cards to get punched 





"Thinkertoys." p0AS2), it was In some waye suited 
ers) that ig, it was eventually fairly to use, 








and could in large part be taught to rank beginners in 4 couple 
of hours-- provided they didn’t have to know about JCL cards. 


It ia left for the reader to figure cut interesting uses 


for it. How would you de collateral structuras? How could 
you eignal to a reader which of several pieces of text a jump 
was to? 


(At least one real hypertext was actually written on this 


ayetem. It tled together a lot of patents for multilayer elec— 
trodea. Readere agreed that they could learn more from it about 


multilayer electrodes than they had imagined wanting to know.) 
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GORDON FASK RETRNS |seemon 


Thies continues the remarks on Gordon Paek 
begun on p. 


I will now try to describe Pask's work 
as he has explained it to me. Perhaps this 
will be of some help to those who may have 
been mystified or dumfounded by contact with 
this fabulous man. 


Gordon Pask’s concern is abstraction and 
how concepts are formed, whether in a creature 
of nature or a robot or a computer program. 
Abstraction is of interest primordially (as life 
evolved thinking capacity), psychogenetically 
(as the mind acquires new facilities, described 
most peculiarly by Piaget), and epistemological- 
ly (how do we know? Like, how do we know, man7), 
and methodologically (how can we most effectively 
find out more?). 


ilis interest, then, is in teaching by 
allowing students to discover exact relations 
in a specific subject matter by the very pro- 
cess of abstraction that is of so much interest. 


Actually it needs 
the '2001' music. 
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hat he does, then, is prepare given 
fields of learning so that they'can fe ctudied 


by students using abstractive methods, without 
guidance, ¥ 


This preparation basically has two steps. 
First he sets up the whole field. This is 
done in collaboration with a “subject matter 
expert," who names the important topics in 
the field and states what interconnections 
they have. The result is a complex graph 
structure (see p. 26 ) which Pask calls a 
conversational domain. It comes out to huge 
Lagrams of TabeIs and lines between then. 


Then Pask processes this structure to 
make @ more usable map of the Field that he 
calls an entailment structure. The processin 
basically involves removing eyeles in the & 
graph, thus making the structure hierarchical 
in a slightly artificial way justified by what 
the subject-matter-expert has said is the 
structure of the field. 


(This processing is carried out by a pro- 
gram called EXTEND.) 


The resulting Entailment Structure is 
then presented to the student as a great map 
of the field which he may explore. 


Pask intends that the student's explor- 
ations. will consist of testing analogies, or 
what Pask calls morphisms, to Find the exact 
structures of knowledge he is supposed to 
be acquiring. This knowledge will be in the 


form of isomorphisms, or exact analogies, i.e. 
laws. 


Pask's overall system, examples of which 
he has running in his labératory in England, 
he calls CASTE (Course Assembly System and 
Tutorial Environment). A further development, 
which is to be put on a PDP-11/45 computer 
(see p. $f and p.42 ) at the Brooklyn Chil- 
dren's Museum, is called THOUGIIT-STICKER. 
This program is intended to allow the demon- 
stration and testing of analogies directly, 
by children, 





PASK AND HYPERTEXT 


Gordon Pask's work is remarkably similar 
to my own stuff on hypertext. 


Essentially Pask is reducing a field to 
an extremely formal structure of relations 
which may then be studied by the student, at 
the student's initiative. 


(What I don't quite understand is how the 
analogies are to be explored and tested.) 


Anyway, @ principal point is that the 
student is in contro] and may use his initia- 
tive dynamically; the subject is not artifi- 
cially processed into a presentational se- 
quence. Moreover, the arbitrary interconnec- 
tions of the subject, which are no respecters. 
of the printed page, are recognized as the 
fundamental structures the student must deal 
with and come to understand. On all these 
points Pask and I are in total agreement. 


Indeed, his explorable systems-- (I don't 
know if they will be what I elsewhere call 
hypergrams or responding resources)-- will be 
fascinating, fun and terrifically educational. 
Because he is. 


Now it turns out that this exactly com- 
Plements the notion of hypertext as I have been 
promulgating it lo these many years, 


Hypertext is non-sequential text, If we 
write a hypertext on something, it will be 
most appropriate if we give it the general 
interconnective structure of the field. In 
other words, the interconnective structures 
chosen for the textual parts are likely to have 
the same connective structure (in general) as 
Pask's Entailment Structure. 


For another kind of hypertext, the antho- 
logical hypertext built up of lots of other 
writings, it is also reasonable to expect the 
connective structures to cluster to the same 
general form as Pask's entailment structure. 


In other words, the very same field of 
knowledge Pask is out to represent as an ex- 
Plorable, formalized whole, I am out to repre- 
sent as an explorable informalized whole, with 
anecdotes, jokes, cartoons, "enrichment mater- 
ials," and anything else people might dig. 


In still other words, let's have both 
and call it a party. 


You oan't read the ecreen here. 
Tt saya: COGITO ERGO SUM 
enmc? 

Call me Iehmast. 





It really needs the music. zB 
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FEELED- EFFECT SYSTEMS 
ARE THE NEW FRONTIER. 


FANTICS 


— BUT IT'S SHOWMANSHIP 
THAT'S, PARAMOUNT, 
NOT aN? TECHYICAL SPeciacTy 


Ab, Love! could you and | with Him conspire 

‘To grasp this sorry Scheme of Things entire, 
‘Wonld not we shatter it to bits—and thea 

Re-mould it nearer to the Heart's Desire! 


Edward Pitagerald. 


Almost everyone seeme to agree that Mankind (who?) 
is on the brink of a revolution in the vay information 
ie handled, and that this revolution ie to come frow 
some sort of merging of electronic screen presentation 
and audio-vieual technology with branching, interactive 
computer systems. (The naive think "the" merging is 
inevitable, 1f "the" merging meant anything clear. 

IT used to think that too.) 





Professional people seem to think this merging will 
be an intricate mingling of technical specialties, that 
our new ayateme will require vork by all kinde of cowmit- 
teea and consultants (adding and adjusting) until the Re- 
aulta— either epecific productions or overall Syetems— 
are finished. Then we will have to Learn to Use Them. 
More consulting fees. 


I think thie ie a deluaion and a con-geme. [ think 
that when the real media of the future arrive, the small- 
est child will know ic right avay (and perhape firet). 
That, indeed, ehould and will be the criterion. When you 
can't tear a teeny kid away from the computer screen, 
we'll have gotten there. 





We are approaching a acreen apocalypse. The author's 
basic view ie that RESPONSIVE COMPUTER DISPLAY SYSTEMS 
CAN, SHOULD AND WILL RESTRUCTURE AND LIGHT UP THE MENTAL 
LIFE OF MANKIND. (For a more conventional outlook, see 
box nearby, “Another Viewpoint.”) 


I believe computer screens can make people happier, 
smarter, and better able to cope with the copious prob- 
lems of tomorrow. But only if we do right, right now. 


WHY? 


The computer's capability for branching among 
events, controlling exterior devicea, controlling 
outside events, and mediating in all other events, 
makes possible a new era of nedia. 


Until now, che mechanical properties of exter- 
nal objects determined what they were to ue and how 
we used them. But henceforth thia ie arbitrary. 


The recognition of that arbitrariness, and re- 
consideration among broader and more general alter- 
natives, avaite ue. All the previous unite and 
mechaniems of learning, scholarship, arts, transac- 
tion and confirmation, and even self-reminder, were 
based in various waye upon physical objecte— the 
properties of paper, carbon paper, filea, booke 
and bookshelves. To read from paper you must move 
the physical object in front of you. Ite contents 
cannot be made to elide, fold, shrink, become trans— 
parent, or get larger. 


But all thie 1g now changing, and suddenly. The 
computer display ecreen does all these thinge if desired, 
to the aame markings ve have previougly handled on paper. 
The computer display screen ie going to become universal 
very faet; thie 16 guaranteed by the suddenly rieing 
cost of paper. And we will uee them for everything. 
Thia already happens wherever there are reaponding coa- 
puter gecreen systems. (I have a Friend with two CRTs on 
his desk; one for the norwal flow of work, and one to 
handle interruptions and eide excureione.) A lot of 
foreate vill be saved. 








Now, there are many people who don't like thie idea, 
and huff about various apparent disadvantages of the 
gcreen. But we can improve performance until almoa 
everyone iu satisfied. For those who say the screens are 
"too small," we can improve reliability and backup, and 
offer scre everywhere (so that material need not be 
physically carried between them). 











The exhilaration and excitement of the cowing time 
is hard to convey on paper. Our screen displays will be 
alive with animation in their separate eegmenta of activ- 
ity, and will reepond to our actions ae if alive phyaic- 
ally coo. is 


The queetion is, then: HOW WILL WE USE THEM? Thus 
the design of acreen performances and environments, and 
of transaction and tranemiseion syetems, ie of the high- 
eet priority. 





TIE FRENCII HAVE A WORD FOR IT 


In French they use the term 1'Informatique 
to mean, approximately, the presentation of in- 
formation to people by automatic equipment. 


Unfortunately the English equivalent, 
informatics, has been preempted. There is @ 
computer programming firm called Informatics, 
Inc., and when I wrote them about this in the. 
early sixties they said they did not want their 
name to become a generic term. Trademark law 
supports them in this to a certain extent. 
(Others, like Wally Feurzeig, want that to be 
the word regardless.) But in the meantime 
I offer up the term fantics, which is more 
general anyhow. 


MEDIA 


What people don't see ip 
how 
Palace? Possible the revision and deprovenantee the a 
ormation— of all our wedia. It “sounds too technical.” 


But thie ie the basic mis: 
understanding: the funda- 
mantel iesuee are HOT TECHNICAL. To adateind cuit fe 


basically a mate 
knowledge. ¢r of MEDLA CONSCIOUSNESS, not technical 


A lot of people have acute media conaciousne 





some people, like Pat Buchanan and the comm: bad 
ard 
that there is @omething shabby about this. Many tite 


indeed, that we live in a world of false image 
p spr - 

cay media,” @ situation to be corrected. Mbuekie te 
- Heunderscanding. Many images are false or puffy, all 

ght» but it {6 incorrect to suppose that there is any 
alternative. Media have evolved from simpler forms, and 
convey the background ideas of our time, as well ae the 
fade. Media today focus che impressions and ideas that 

Previous eras vere conveyed by rituale, public gather- 
ings, decrees, parades, behavior in public, muomer’ troup- 
eu...but actually every culture is world of images. The 
chieftain in hie Palanquin, the shaman vith his feathers 
and rattle, are telling ua something about themselves and 


about the continuity of ti 
fndividecie ak te y he society and position of che 











Now the media, vith all their quirks, perfor che 
@ame function. And if we do oct like the a some things 
are treated by the media, in part this etems from not 
underetanding how they vork. “Media,"“ or structured trene- 
miseion mechanisms, cannot help being personalized by 
thoee who run them. (Like everything eles.) The problem 
ie to understand how media work, and thus balance our um- 
derstanding of the things that media wilerepresent. 


THOUGHTS ABOUT MEDIA: 
1. ANYTHING CAN BE SAID IN ANY MEDIUM. 





Anything can be said in any medium, and Ioepiration 
counte mich more than ‘ecience’. But the techniques which 
are used to convey something can be quite unpredictable. 









VA 


Voice of Little Girl: 
"Santa, are you more important than God?” 7 
Announcer, plonkingly: 
"Your anawer is... 











O MAYBE 





and the AVS-10 instructional device. 
Original slide, starring Michelle Dellinger and 
Henry Shrady. unfortunetely mielaid.) 





2. TRANSPOSABILITY 


There has alvays been, but now is newly, a 
UNITY OF MEDIA OPTIONS. You can get your massage 
acrose ina play, a tract, a broadside, a textbook, 
& walking eandvich-board, a redio program, a comic 
book or fumetti, a mov! slide-shov, a cassette 
for the Audi-Scen or the AVS-10, or aven a hypertext 
Gee p.b™%6). 





(But tranesposing can rarely preserve completely 
the character or quality of the original.) 


3. BIG AND SHALL APPROACHES 


What few people realize Le chat big pictures cao 
be conveyed in more poverful veye than they know. The 
reason they don't know it ie that they eee the content 
in the media, and not how the content is being gotten 
across to them— that in fact they have been given very 
big pictures indeed, but don’t know it. (1 take this 
point to be the Nickel-Iron Core of McLuhanisn.) 


People who want to teach in cerms of building up 

from the emall to the large, and others vho (like the 
author) like to present # whole picture firet, then 
f1ll in the gape, are taking two valid approaches. 
(We tay call these, respectively, the Big Picture ap- 
proach and the Piecemeal approach.) Big pictures are 
juat as memorable as picky-pleces if they have strong 
Insights at their major intersections. 


4. THE WORD-PICTURE CONTINUUM 


The arte of writing and disgramming are besically 
‘a continuum. In both casee the mental images and cogni- 
tive structures produced are # merger of what ie beard 
or received. Words are slow and tricky for preseating 
a lot of connections; diagrams do this vell. But éia- 
grane give a poor feel for things and vords do this 
splendidly. The writer presents exact statemente, in 
an accord-atructure of bute and indeede, molded ina 
structure of connotations having (if the wricer ie 
good) exact imprecleences. ‘Thie is hardly startling: 
you're alwaya selecting what to say, and the use of 
vague vorde (or the use of precise-sounding words ve 
guely) 1s eisply a flagrant fora of oatesion. In dts 
the choice of what to aah pea sacar bow 

resent overveening conditionsand forces exeEp- 
tap idetailos ‘are highly connotative. (Great dingrane 
are to be seen in che Scientific American and older 


issues of TIME magazine.) 





grams, too, 


Thie vord-picture continuum ie just » pert of the 


broader continuum, which I call Fantice- 


ANOTHER VIEWPOINT. oes 
pepsi Computer Applicariens: _Craphtes 


Engineering Research Center 
PROBLEMS, PERILS, AND PROMJSES OP COMPUTER GRA: 5 








I would begin with some definitions which may be 
obvious but bear repeating. 


1. Engineering ts tne application of science for 
(3) profit, 


2. Computer craphice does not make possible 
anything that was previously impossible: 1¢ 
ean only improve the throughput of an existing 
process 


3. A successful application of computer graphics 
is when over a period of five years the cost 
Savings from improved process throughput ex- 
ceed the costs of hardware, software, main- 
cenanee and integration int ing process 
ow. 











EEE ——————$_ 
FANTICS 


By “fantice” I mean the art and science of getting 
idesa across, both emotionally and cognitively. "Presente— 
tion" could be « general word for it. The character of 
what gets across is alwaye dual: both the explicit struc 
turesand feelings that go with them. These two acts, 
exactness and connotetion, are an inseparable whole; what 
is conveyed generally has both. The reader or viewer s1- 
ways gets feelings slong with information, even vhen che 
¢reators of tha information think thet ite "content" is 
mich more restricted. A beautiful example: ponderous 
technical” manuals which carry much more connotetively 
than the author realizes. Such volumes may convey co 
same readere an (intended) impression of campatance, to 
othere a sense of the authors’ obtuseuess and non-imagina— 
tion. Explicit declarative structures neverthe. have 
counotstive fields; people receive not only co; 
structures, but impressions, feelinge and senses of things. 


















Fantice ie thus concerned with both the arts of ef- 
fect— writing, theater and eo on-and the structures and 
mechaniema of thought, including the various traditions of 
the scholarly event (article, book, lecture, debate and 
class ). These are all] s fundamentally insepsrable whole, 
and technically-oriented people who think that ayateme to 
doteract vith people, or teach, or bring up information, 
can function on some “technical” basis— with no tie-ine 
to human feelings, psychology, or the larger social struc- 
ture— are kidding themselves and/or ryone elae. Sys 
tems for “teaching by computer ioformation retrieval," 
and ao on, have to be governed in their design by larger 
principles than most of these people are willing to deal 
with: the conveyance of ima; impreesiove and ideas. 
Thie is what writers and editors, movie-makers and lectur— 
ere, radio announcera and layout people and advert{sing 
people are concerned with; aod unfortunately computer 
people tend not to understand {t for beans. 








In fentics as a whole, then ve are concerned with: 
1. The art and science of presentation. Thue it na- 
turally includes 


2. Techniques of presentation: writing, stege dir— 
ection, movie making, magazine layout, sound overlay, 
etc. and of course 


3. Media themselves, their analyais and design; 
and ultimately 


4. The design of systems for prasentation. This 
will of course involve computerea hereafter, both concept- 
ually and technically; since it obviously includes, for the 
future, branching and intricately interactive systems en- 
acted by programmable mechanisms, i.e. computers. Thus 
computer display, dara structures (and, to an extent, 
programming languages and techniques) are all a parc. 


Fantice muet also include 


5S. Paychological effect and impact of various presen- 
tational techniques but act perticular formel aesthetice, 
ae of haikw or mueical composition. Where directly rele- 
vant fantice also includes 


6. Soctological tie-ins— especially supportive and 
dysfunctional structures, such as tie-ins with occupational 
etructure; sponsorship and comerciales; vhat vorks in schoole 
and why. Most profoundly of sll, however, fantics muet desl 
with psychological conatructa used to organiee things: 


7, Tha parte, conceptual threads, unifying concepts 
and whatnot that we create to make aspecte of the world un- 
deratandable. We put them into everything, but etandard- 
ize them io media. 


For example, take radio. Given in radio— the tech-— 
nological fundement— ie merely the continuous transmission 
of sound. Put into it have been the "program," the ser- 
fal (and thus the episode), the announcer, the theme song 
and the susical bridge conventfoas which are useful pre— 
sentationally. 


The arbitrariness of auch eental constructs should 
be clear. Their usefulness in mental organization perhaps 
ite not. 


Let's take a eurptise example, nothing electronic 
about Ic. 


Many "highvaye” sre vbolly Fictitious— at least to 
begin with. Ler’s sey thet » Route 37 ie created across 
the etete: that cumber is merely s series of signs that 
users can refer to as they look at their mape and travel 


along. 





Bovever, time goes by, “Route 37” takes on s cer-— 
tain reality as a conceptual entity: people think of it 
an aching, People eay "Just cake 37 straight out” 
(though it may twist snd ture); groups like a Route 37 
Merchants’ Association, or even a Citizens to Save Scenic 
37, may spring up. 





What wes originally simply 2 ceminel construct, then, 
becomes quite real se people organize their lives sround 
it. 


This all seems arbitrery bot ceceasary in both bigh- 
ways and radio. What, then, does it have to de with the 
new electronic mediat 


Simply thie: till now the structures of media somehow 
6prang naturally from the nature of things. Now they don't 
anymore. Radio, books and movies have a natural inner dy— 
namic of their own, leading to auch constructe. While 
this may prove to be so for computer mai well (—as I 
argued in "Getting It Out of Our Syatem," cited p.pAIS), 
Chen again ic may not. In other words, WE MUST ACKNOWLEDGE 
THAT WE ARE INVENTING PRESENTATIONAL TECHNIQUES IN THE NEW 
MEDIA, not merely transporting or transposing particular 
thinge into chem because they seem right. The psychologi- 
Sal constructs of man-machine systems may turn out to be 
largely arbitrary. Thue bringing to terminal syetems con- 
ventions like dialogue inetruction ("CAI"), or arbitrary 
reatricrions of how thinga may be connected, presented or 
written on the computer may be a great mistake. 





The highvay-oumber analogy continues. The older 
highways had numbere for convenience, and our travels be- 
came organized around them, and particular highvays (like 
"U.S. 1" and "Route 66") came to have special character. 
But now with the Interstates, a highway ie a planned, 
Sealed unit, no longer juet a collection of roads gather- 
ed together under a name. 


Thies unit, the Interstate, is not merely a peychologi- 
cal construct, but « planned etructure. Knowing what works 
and what doesn't in che design of fast highvaya, the Inter- 
states were built for speed, structured ae closed unite. 
Designing them wich limited access hae been a conecious 
decision in the system design for vell-baeed reasons, not 
a chance etructure brought in from horse-and bugay days. 


Now, the constructs of previous media— writing, films, 
other arte— evolved over time, and in many cages may have 
found their vay to a “natural” form. But because of the © 
peculiar way that computer media are currently evolving 

(--under large grante largely granted to professionals who 
use very large words to promote the idea that their origi- 
nal ptofessions are largely applicable— ), this sort of 
nacural evolution may not take place. The new constructs 
of computer media, especially computer ecreen-medig, may not 
have a chance to be thought out. We need designs for screen 
presentations and their mixture— vignetting, Windows, 
ecreen mosaics, transformed and augmented views, and the 
Tapid andcouprehensible control of these views and windows. 
We are etill just beginaing to find clever viewing tech- 
niques, and have hardly begun to discover highly reapon- 
eive forms of viewability and control (cf. collateration 
in "Thiokertoys," p.\as29, and Knowlton’s button-box (rth) 

(See T. Neleon, "A Conceptual Framework for 
Man-Machine Everything," cited p.  , and material on 
controls, below.) 











THE MIND'S UNIFICATION 


One of che remarkable chings about the human mind 
fa che vay lt ties things together. Perceptual unity 
comes out of nowhere. A bunch of irregular reei- 
dential and induatrial blocke becomes thought of as "uy 
Beighborhood." A moet remarkable case of mental uni- 
fication is afforded by the visage of our good friend 
Mickey Mouse. The character ie drawn in a most para- 
doxical faahion: two globelike protrusions (representing 
the ears) are in differenc positiona on the head, depead- 
ing on whether we view him from the front or the side. 
No one finds chie objectionable; few people even notice, 
it seens. 





THE PARADOXICAL ANATOMY OF HICKEY MOUSE 


Ghz, 20s 
C 





MICKEY MOUSE (frontal) (lateral) 
woe 

POSSIBLE RECONCILIATIONS: Rolling 
Diagonal Mounting Relative 


to Camera 


What thie ehowe, of course, ie the way the mind can 
unify into a consistent mental whole even things vhich 
are inconsistent by normal rulee (in chis case, the rules 
of three-dimensional atructure)- 


Even perceptione are subject to the same principle 
of unification. The fingernail is an excrescence with no 
uervea in it; yet somehow you feel things vith your 
fingeruails-~ tying together dieparate seneatione into 
a unified senea of something in the world (say, a coin 
you're trying to pick up). In the same vay, an experienc— 
ed driver feele the road; in @ very real senge, the ca *s 
wheels and suepenesion become hie own sensory extensions. 











This principle of mental unification ie what makes 
thinge come together, both literally and figuratively, 
in a fantic field. A viewer sees two consecutive movie 
shote of streets and unifies them inte one street; controle, 
1f you are used to them, become a single fused system of 
options; we can have a sense of a greater whole, of which 
one view on a screen is a part. 


THE GESTALT, DEAR Brutus, 


18 NOT IN OVR_ STARS 


BUT 1 OVESEWES. 





CONTROLS: THEIR UNIFICATION AND FEEL 


Controle are intimately related to screen presenta- 
tion, just as arbitrary, and juet a6 important. 


The artful design of control systems ie a deeply 
misunderatood area, in no way deconfused by calling it 
“human Factor: There are many functions to be control— 
led, such @s text editing operations, views of the uni- 
verse on & e@creen, the heading of a vehicle, the rilt of 
an aircraft, the windege and adjuetmente of artillery, 
the tempetature of a eatove burner and any other control- 
lable devices. And nowadays any conceivable devices 
could contro] them— pushbuttons, knobs, cranks, vheele, 
levers and joysticks, trigger, dials, magic vande, mani- 
pulation by lightpen on CRT acreens (eee p.2"31), Flicka 
of the finger, the turning of the eyes (as in some ex- 
perimental gun-aiming devicee), the human voice (but 
thac introduces problems— see p.)MI3), keyboarde, elec- 
tronic tablets, Bngelbart mice and chordwriters, and 60 
on. 





The human mind being ae supple ae it ie, anything 
whatever can be used co control systema. The problem ia 
having it be a comprehensible whole. 








As already remarked, our ability mentally to unify 
things is extraordinary. That we somehow tie together 
clutch, gear, accelerator and brake into 4 comprehensible 
control structure to make care go and step should amaze 
and inetruct. 


Engineere and “human factore" people speak as though 
there vere some kind of ecientific or determinate way to 
design control systems. Piffle. We choose a set of con- 
trole, much like an artiet's Palette, on the basis of ge- 
neral appropriateness; and then try best and moet artistic: 
ally to fit them to what needs doing. 








The resule must be conceptually clear and retroactive- 
ly “obvious"— simply because clarity is the eimplest way 
to keep the ueer from making mistakes. Clear and simple 
@yetems are easier to learn, harder to forget, leee likely 
to be screwed up by the user, and thus are more economic- 
al— getting more done for the resources put in. 





There is a eort of paradex here. The kinda of con- 
trols are totally arbitrary, but their unification in a 
good system {g not. Smoothness and clarity can come from 
disparate elemente- It is for thie reason that I lay par- 
ticular stress on my JOT eyatem for che input and revieion 
of text, using a palette of keys available on the simplest 
standard computer terminal, the 33 Teletype. I cannot 
make the Final judgement on how good thie system ia, but 
it pleases me. JOT ie also an important example because 
it suggests that a conceptually unified system can be 
created from the artful non-obvious combination of loose 
mte originally having different iutended purposes. 














Mental analogy ie an important and clear control 
technique. We tend to forget that the steering wheel vag 
invented, separately replacing both the boat's tiller and 
the automobile's tiller. We aleo forget that the use of 
6uch steering mechaniame must be actually learned by 
children. Such continuoue analogies, though, require cor- 
Teeponding continuities in the space to be controlled— 
an important condition. 


Simplicity and clarity have nothing to do with the 
appearance of controle, but with the clarity and unique 
locatability of individual parte. For this reason I find 
deplorable the arrayed controle that are turning up, e.g. 
on today’a audio equipment. Designers seem to think 
rows of things are desirable. On the contrary: the best 
deeigned controls I ever ueed are on che Sony TC-SO 


pocket tape recorder 
Ferurey 
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but of course this ig now phased out; inetead moet cassette 
recorders have five or @ix stupid buttons in a row. 
it too good to last? 





Spurious control elegance comes in many guisea. Con- 
sider Bruce McCall'e description of the Tap-A-Toe Futuroi- 
dic Footless De-Clutchingt™ ayetem. This was offered on 
the fictitious 1934 Bulgemobiles, and allowed you to drive 
the car with one pedal, rather than three (see box nearby). 


Careless and horrible designe are not all fictitious. 
One egregious example also indicates the low level of de- 
aign currently going into sowe responding syatems 
er people have designed CRT writing eystems for newspapers 
which actually have a "kill" buctom on the coneole, by 
Which authors would accidentally kill their stories. In 
® recent magazine article it wae explained that the event- 
ual solution wae to change the program so that to kill 
the story you had to hit the "kill" button tvice. To me 
this seems like a beautiful example of what happens when 
you let insulated technical people design the system for 
you: a "kill" button on the keyboard ie about ae intelli- 
gent ae inetalling knives on the dashboerd of a car, 
pointing at the passenger. 








There is another poor tendency. When computer pro- 
gtammere or other technical people design particular 
systems without thinking more generally, things are not 
likely to be either simple or combinable. What may re- 
e@ult is intricate user-level controls for one partisuler 
Function, controle that are differently ueed for another 
particular function, making the two functions not com- 
binable. 


What makea for the best control structures, then? 
There 19 no simple answer. I would say provisionally 
thac it is a matter of unif and conepicuous constructs 
in the mental view of the domain to be controlled, 
corresponding to a well-dietinguished and clearly-incer— 
related set of controlling mechanioms. But that is hardly 
the last word on the subject. 





THE ORGANIZATION OF WHOLENESS 


It should be plein that in responding screen- 
systems, “vhat happens on the ecreen" and "how the 
controle respond” sre not really distinguishable. 
Tha ecreen events are part of the way the controls 
tespond. The acreen functions and control functions 
Merge psychologically. 








Now, there ie a trap here. Just sé the gas 
pedal, clutch, gearshift and brake merge peychologi- 
cally, any control] structure can merge psychological- 
ly. Clutch and gear shift do not have, for most of us, 
clear psychological relevance to the problem of con- 
trolled forvard motion. Yet we psychologically inte- 
Grate the use of these mechanicus as a unified means 
for controlling forward motion (or, like the author, 
get an Automatic). In much the same wey, any syetem 
of controls can gradually come through use to have 6 
psychological organization, even epuriously. The trap 
is that we eo easily lose eight of arbitrariness and 
even stupidity of design, and live with it when it 
could be so much better, because of this psychological 
melding. 
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But useful wholeness can be helped along. 
what I have called the accordance-structure of Sear es 
(see “Writing,” p.5M%)) movea it along sucothly, fared 
deeign that builde from a well-organized toternal dy-~ 
namic ahould confer on a fantic eystem the game momentum 
and clarity that carefully-organized writing haa. 


This contribution of vholenese can onl: - 
ever, if the under-level complications of a ayicen ie 
been carefully streamlined and emoothed back, at least 
as they affect the user. Consider che design of the JOT 
text ediring eystem (p."$o): while it ie simple co the 
user, computer people often react to it with indigoation 
and anger becauge it hidea what are to them the signifi- 
cant features of computer text editing— explicit pre- 
occupation with storage, especially the calling and re- 
vieion of “blocks." Nevertheless, I say it ia the de~ 
taile at this level which met be emoothed back if ve 
are to make aystems for regular people. 


The same applies to the Th3 eyetem (ace p. DEST 
P- » 
which is deeigned to keep the user clear-minded aa he 
compares thinge in multiple dimenaions. The mechaniems 
at the computer level met be hidden to aske thie work. 


PANTIC SPACE 


Pudovkin and Eieenetein, great Russian Bovie~makers 
of the twenties, talked abour “filmic apace"=— the imagtn- 
ary space that che action seems to be in. 


This concept extends Itself naturally to fantic 
the espace and relationehipe sensed by a Vlevernef ase 
dium, or a user in any presenting or responding environ~ 
ment. The design of computer display syatema, then, te 
really the artful crafting of fantic apace. Technicalities 
are subservient to effectea. (Indeed, I think computer 
Braphics ie really a branch of movie~making.) 








FANTIC STRUCTURE 


The fantic etructure of anything, then, conetets of 
ite noticeable parte, incerconnectiona, contente and ef- 
fects. 


I claim that it ie the fantic unity— the conceptual 
and presentational clarity of theee chinge-- that makes 
fantic syeteme-- presentational systems and meteriel— 
clear and helpful, or not. 


Let us cake an intereating example from a system for 
computer-aseisted instruction now under implementation. 
I will not identify or comment on the eystem because per- 
haps I do not understand it sufficiently. Anyway, they 
have an array of atudent control-puttons that look like 
this: . 


ORY 


The general thinking in chie syatem aeema to be 
that the etudent may get an overall] organizing view of 
what he i@ supposed to be learning (MAP); information on 
what he ia currently supposed to be about (OBJ); canned 
suggestions based on what he’s recently done (ADVICE). 
Moriver, he can get the system to present a rule about 
the eubject or give him practice; and for either of 
theee he may request easier rules or practice, or harder 
rules (1.¢., more abstruse generalities) or harder prac- 
tice. 





For the latter, the atudent is supposed to hit 
RULE or PRACT folloved by HELV, HARDER or EASIER, viz. 





Now regardless of vhether this ie a well-thoughtour 
way to divide up @ subject— I'll be ioterested to see 
how it works out— these controle da not eeem to be well- 
arranged for conceptual clarity. It seems to be the old 
rowe-of-buttons approach. 


I have no doubt that the people working on this sy- 
etem are certain thie is the only possible layout. But 
consider that the student's options might be clearer to 
him, for instance, if we set it up ae follows: 


Generalities 
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Or like this: 





SoZ] 
Pee 


What I am trying to show here ie that merely the 
arrangement of buttons creates different Fantic con- 
@tructs. If you eee chia, you will recognize that 
coneidering all the other options we have, designing 
New media ie no emall macter. The control structures 
Merge mentally with the presentational structures. 

The temptation to settle on ehort-sighted desigue hav- 
ing shallow unicy ie all too great. 






ADVICE 


FANTIC DESIGN 


Fancic deeign is basically the planning and selec~- 
tion of effects. (We could aleo call these "performance 
valuee"-- cf. "production values" in movies.) 





Some of these intended effecte are simply the com- 
munication of information or cognitive etructure-- “in- 
formation transfer," to use one of che more obtuse 
phraeee current. Other desirable effecte include orien- 
ting the user and often moving him emotionally, including 
sometimes overwhelming or entrancing hin. 


In the design of fantic systema involving aucomatic 
response, we have a vast choice among types of presenta- 
tional techniques, tricks that are juet now becoming 
understood, Not just s¢reen techniques and functions, 
buc also reaponee techniquee and functions. 


(If "feelte” systema are ever perfected, se in 
Huxley'a Brave New World, it‘s still the same in prin- 
ciple. See Rachepreas, p. DM4.) 


In both general areas, though-- within media, and 
designing media-- it seems to me that the creation of 
organizing constructs is the most profound problem. 

In particular, the organizing constructs must not dis- 
tract, or tear up contents. An analogy: in writing, the 
inventions of the paragraph, chapter and footnote were 
dnventionas in writing technique that helped clarify what 
was being expressed. What we need in computer~based 
fantic design ie inventions which do not artifictally 
chop up, conetrain, or interfere with the aubject (see 
box, Procrustes, nearby). 


I do not feel these principlee are everywhere suf- 
ficiently appreciated. For instance, the built-in 
structures of PLATO (see “Fantic Space of PLATO," p- 
9"72)) disturbe me somewhat in its arbitrarinese-- and 
the way ite control keys are scattered around. 


But there ie alwaye something artificial— that ls, 
some form of artifice— in presentation. So che problem 
ie to devise techniques which have elucidating value but 
do not cut connections or ties or other relationships 
you want to save. (For this reason I euggest the reader 
consider “Stretchtext," p. DM!) , collateral linkage 
(P- DMS)» and the various hypergrams (p. bm 1&-!4). 
These structures, while somewhat arbitrary and artifi- 
cial, nevertheless can be used to handle a subject 
gently.) 


An important kind of organizing construct ie the 
map or overall orienting diagram. This, too, ie often 
partly “exact” and partly “artifice:" certain aspects of 
the diagram may have unclear import but clear and help- 
ful connotation. (For instance, conaider the "picture 
ayetems" diagram on p. DMZO — just what does the 
vertical dimension mean? Yes, but what does ic really 
mean?) 


Responding systems now make it possible for euch 
orienting atructures to be multidimensional and reepon- 
ding (cf. the orienting function of the "dimensional 
flip" control illustrated on p. DMI). 


Fantic deeign, then, ie the creation either of 
things to be shown (writing, movie~making, etc.) at the 
lower end, or media to ahow things in, or environments. 


1. The deeign of things to be ahown— whether 
writing, movie-making, or whatever— is nearly alvaye s 
combination of some kind of explicit etructure-- an ex- 
planation or planned leseon, or plot of a novel— and 
a Feeling that the author can control in varying degrees. 
The two are deeply intertwined, however. 


The author (deeigner, director, etc.) must think 
carefully about how to give organization to what te 
being presented. This, too, has both aepecte, cognition 
and feelings. 


At the cognitive end, the author must concer hin- 
self with detailed exposition or argument, or, iu fiction, 
Plot. But simply putting appropriate parte together is 
not enough: the author must use organizing conatructe to 
continually orient the reader's (or viewer's) mind. Re- 
peated reference to main concepts, repeated shots (in @ 
movie) of particular locations, serve this function; but 
each medium presents ita own possible devices for this 
purpose. 


The organization of the feelings of the work 


eriss-crosses the cognitive; but we can‘c get into 
it here. 


GL 


Selection of poince and parts contributes to both 
aspects. If you are trying to keep the feeling of a 
thing from being ponderoua, you can uever include 
everything you wanted, but met select From among the 


explicit points and feeling-generatore that you have 
thought of. 


2. The design of media themselves, or of media 
Subsystems, ia not uaually a matter of option. Books, 
movies, radio and TV are given. But on occasion, ae 
for world's faire or very pereonal projects, we have 
@ certain option. Which allows chinge like: 


Smellaviaion or whatever they called it: 
movies with a emell-track, which went out 
into the theater through odor generators. 

Branching movies (see p.m). 

"Mulei-media" (multiple audio tracks and si- 
multaneous slide projections on different 
screens). 

Stereo movies. 


And so on. The thing about the ones mentioned is that 
they are not viable as continuing setups for repeated 
Productions. They do not offer a permanent wide market; 
they are not stable; they do not catch on. Which is in 
@ way, of course, too bad. 


But the great change is Juet about now. Current 
technicalities allow branching med: eepecially those 
associated with computer screens. And it is up to us now 
to design them. 





3. MENTAL ENVIRONMENTS are working placee for etruc- 
tured activity. The same principles of showmanship apply 
to a working environment a¢ to both the contente of media 
and the design of media. If media are environments into 
which packaged materiale sre brought, structured environ~ 
ments are basically environments where you use non-packag~ 
ed material, or create things yourself. They might aleo 
be called “contentless medi The principles of whole- 
neee in structured environments are the same as for the 
others, and many of our examplee refer to them. 





The branching computer acreen, together with the 
selfsame computer's ability to turn anything elae on 
and off as selected by the user, and to fetch up in- 
formation, yielde a realm of option in the design of 
media and environment that bas never existed before. 
Media we design for acreen-baeed computer syetems are 
going to catch on widely, so ve must be far more at- 
tentive to che options that exiat in order to commlt— 
nationally, perhape— to the best- 


In tomorrow's systems, properly unified controle 
can give us new flexibilities. If deeply vell—designed, 
these promige magnificent new capabilities. For in- 
atance, ve could allow a musician to “conduct” the per- 
formance of his work by a computer-based music synthesis 
syetem (see “Audio,” p.p&1), perhapa controlling the 
many qualities of the performance on a ecreen ae he goes, 
by means of such techniques as dimensional flip (see 
p-Om3)). (The tradition of cumulative audio aynrhesie, 
as practiced in the fifties by Lee Paul and Mary Ford, 
and more recently by Walter Carlos and Mike Oldfield, 
will take on a new fillip multidimensional control 
techniques become common.) 





One of the intents of this book has been to orient 
you to gome of the possibilities and some of the options, 
considered generally. There 1e not room, unfortunately, 
to discuss more than one or two overal] possibilities in 
detail. The most successful such ays so far has been 


PLATO (discussed pp. DH18-19); others » 
todd act be inifed for 12r 
space 


NEW MEDIA TO LAST 


Whst ‘a worse, we are confronted not merely with che 
job of using computere to present specific things. The 
@reater taek is co design overall computer media chat 
will last ue into a more intelligence future. Adrift in 
a sea of ignorance and confusion, it ig neverthelese our 
duty to try to create a whole transportation eystem chat 
everybody can climb aboard. For the long run, fantic 
systems must be treated not ae custom systems for explicit 
Purposes, but ae OVEBALL GENEBAL DESIGNS WHICH WILL HAVE 
TO TIE TOGETHER AND CATCH ON, otherwise collapse and 
perish. 





FINAL CONSEQUENCES. 


Tt seems to we certain that we ere moving toward 
a generalized and univereal Fantic system; people can 
and ahould demand it. Perhaps there will be several; 
but 1f so, being able to tie them together for smooth 
transmigeion is essential. (Think of what it would be 
like if there vere tvo kinds of telephones?) Thies then 
is a great soeectugne ecru to put together truly 
general media for future, systems at which ve can read, 
write, learn and visualize, year after year after year. 
The imitiatives are not likely to come from the more 
conventional computer people; some of them are part of 
the problem. (Be prepared for every possible form of 
aggreasive defeusiven from programmers, especially: 
“Why vould you want that?" The correct answer is 
BECAUSE, damait!) 


















But thie all means that interior computer technical- 
ities have to be SUBSERVIENT, and the programmers cannot 
be allowed to dictate how it ia co behave on the basis 
of the underlevel structures chat are convenient to them. 
Quite the contrary: from the fullest consideration of che 
richest upper-level structures ve want, we the ueers-to— 
be must dictate what lower-level structures are to be 
prepared within. 


But this meana you, dear reader, mist develop the 
fantic imagination. You must learn to visualize possible 
uses of computer screens, eo you can get on down to the 
deeper level of how ve are going to tie these things 
together. 


The designer of reeponding computer ayatems ie 
creating unified setups for viewing and manipulating 
things and the feelings, impressions and sense of things 
that go with them. Our goal should be nothing less than 
REPRESENTING THE TRUE CONTENT AND STRUCTURE OF HUMAN 
THOUGHT. (Yes, Dream Machines indeed.) But it should 

be something more: enabling the mind to veigh, pursue, 
synthesize and evaluate ideas for a better tomorrow. 

Or for any at all. 
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To insert , merely type. 


points. 


This exchanges the two pieces between the cuts. 


° @ 
e 
: + Juggler Of Tex 
e ‘ : 
u 
7 From "A Human Bengy Tefroducton ‘fe the JoT System. ©1172 T. Nelson - 
e 
. Here’s how simple it is to create and edit text with the JOT system. 
e Since your typewriter is now a JOT machine, not every key does what it used to, 
° 
° 
: CREATING TEXT: just type it in. 
; dete: The qzick brown fox jumps over the lazy dog. 
e hyper: The quick brown fox jumps over the lazy dog. 
e 
e 
° REVIEWING A SENTENCE YOU JUST TYPED: the back-arrow takes you back, the space bar steps you 
7 ie € sp sp sp sp 
e y Tyres: (bell) The quick brown fox 
e 
e 
e DELETIONS AND INSERTIONS: the RUBOUT key rejects words you don't want. 
e 
e fee tyre € sP sp RUBOUT lithe sp sp sp sp sp 4p 
e 
e a type (bell) The quick /brown/ lithe fox jumps over the lazy dog. 
e 
e 
e 
e REARRANGING TEXT: first we make three Cuts in the text, signalled by free-standing exclamation 
e 
e be Type: sp | sp ! sp 1 fox 
e 
e if Vyas: The ! quick 1 lithe ! fox 
$ {TO REARRANGE IT, YOU TYPE: LINE FEED key. 
e CNECK TNE RESULTS: : 
e sp sp sp sp 
e (bell) The lithe quick fox 





THE WALKING NETS 
——> * one-mavie sy Stam 
Tat Three -year-olds can learn 


[Sorry fs have to show you a ursteup, 
Vlad & he rea| Tang] v 
Another application of the present invention is also ia the arca 


| 
of pictorial display, but offers 4 great variety of potential user choices in | 
i 


® Simple circuxstance. I call thie the "vulking net” system because control 1s 





effected through a changing network ‘of cholces wbich step, or "walk," 
around the corcen, 

The problem of intricate cemputer graphics my be phrased as 
follows: given that a digital syetem can hold u wids variety of graphical 
materiale ready to present, how my the user moot aimply and conveniently 
choose them? Indeed, how my the user keep truck of what is happening, where 
he 18 and where he has been? 

‘The externs] mechanian I huve selectad for this fucility paradox 
ideally cambines great versatility for sophisticated presentations vith gest 
eimplicity before the naive user, The ideo is this: the user may camnnd a 
continulng succession of changing presentations, mbking only one simple choice 
at - time, yet receiving intricate and rich animations with extremely clear 


continuity on the screen. 





Toe exterior mechaniam is this: ulong with an arbitrary gruphic 


presentution on the screen, the user is continuquely preeonted with the imge 
Inbetel 


of a forking set of arrows, ¢-s.: 





EL Gel wary crront 






(INTERIOR 


thas! 
‘The pip 16 8 conventlonss sight-pen cursor, Tne “current ehank” is « line 
whose implicit gradations eantrol developrentc in the picture; and tha choice 
of arrovs at the end of the current shunk determine a discrete choice betveen 
alternatives tizt are to transpire. 

The user, seizing tke pip with the lightpen, moves it (through 
the yous] lightp2n techniques) eidevaye along the current shank. Moving it in 
\|the “forward” direction euuces progrescive developments in the pictu.c, moving 
it "backward” causes u revercul of anisiticns and other previous developrents. 

When the pip reaches the chotze roint ia the forvard direction, 


the user may drag it (through the ucus] lightpen techniques) along either of 





the beckoning ulternatives. This then causes further developoents in the 
presentation cansonunt with the line selected. 
"Develomente” of the picture here include expansion, contruction 


@liding movements and fram-by-frare animation. 





(These materiuls vill hava been, of course, explicitly input by 
authors and artiste.) 
In 8 sazple employment, consider a presentation on the subject 


of Volcanoes. Let the firat shank of the contral net control the "rise of s 





voleuno from the sca”-- an undulating ocean surface pierced firet by a wisp of 
anoke, then @ groving peak, vith rivulete of lava seen to run down ite sides 


und darken as they cantribute to ite grawth. 


mapreneae anc: 


(one (roles F boo 
ys fewer, 
ATR ead 








At the end of the first shank, the user cay branch to two arrows, 
labeled reepactively WORD ORIGIN and DsTERIOR, Either opticn continuzs the 
presentation without a break, retaining mach of the picture on the ecreen. 
Selection of WORD ORIGIN cuuses the word VOLCAKO to chunge to VULCAN, and & 
picture of the god Vulcan is scen to ceize a lightning bolt rising fron the 
crater; text appeure to explain thic. Alternatively, if the user choosce 
INTERIOA, the tubes and ducts within the volcano appear, und explanatory text 


also. ae 


Waizano a 
ae) ay 





(Toe path unchosen fades from the screen, as does the previous 


ie 








‘Rather of thece alternatives my continue vith ite on 
developzents and anieations under control of its own shank. 

Several features of this control application are of special | 
interest. One ie that the presentation aay be cantinuous in all directions, 
jaiding in continuous uter orientation. Another ia that presentations are 
reveraible in various suyo, an afd both {n ucer orientation and self-study. 

(Not only 1s @ demonstration reversible within 4 given shank, but the user cay 
back the pip through an Lotersection into the antecedent shank-- 

vhich reappears at the juncture as the lightpen backs up-- and the user my 

continue to reverse ‘the presentation through that preceding shank, or to re-ente 

the intersection and mike another choice, "the path not taken.”) These 

features allow the ucer clearly to repeat demonstrations as often ao he likes 

land to} = explore numzrous ulternntives. 

‘The dieplsycd control net {9 thus to be understood ao a large 


network of choices, mostly unseen, vhose currently visible portion "walks" around 


the screen ac use progresses. Within this system, then, numerous variante are 
possible. For instance, the currently visible portion of the net my iteelf 
be vhimsicully incorporated in a picture, viz.: 


Sin 
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PRockustes THE GIANT 


The Greeks told of a stall Feocrustes (rhymes with 
Rusty's) who was very hospitable to paseing trave! 
He would invite, indeed compel them, to sleep in his 
bed. Unfortunately, because lt vas a very odd bed, he 
had to cut them up firat... 





Procrustes has haunted conversations ever since; and 
any time we are forced to use categories that don‘t pro- 
perly flt a subject, .t seems like an invitation to the 
Procrustean bed. 


Hypertent systems at last offer total freedom fron 
arbitrary categorizing and chopping but in some systems 
for storing and presenting information, I can't help hear- 
ing the whiek of Procrustes’ knlfe-- 


——<$<$—— © 


“Take new Tap-A-Toe Futuroidic Footless 
De-Clutching. Instead of old-fashioned gas, 
brake and clutch pedals that kept your feet 
busier than a dance marathon, Tap-A-Toe 
Futuroidic Footless De-Clutching offers the 
convenience of Single Pedal Power Control-- 
combines all foot functions in one single 
pedal! 





“Think of it: one tap-- you go, moving 
off faster than a berfly after Repeal. 


“Two taps-- you change gears, aS smooth 
and automatic as a mortgage foreclosure. 


“Three taps-- you stop quicker than the 
U.S. economy. 


“And that's all there is to it. Tap-A- 
Toe Futuroidic Footless De-Clutching with 
Single Pedal Control is as easy and effort- 


less as the Jap march on Manchuria! 


Bruce McCall, 
“1934 Bulgemobile Brochure,” 
National Lampoon, May 74, 76-7. 


STELLAVISION 


A nice example of a unified presentational 
eystem vould allow you a “feelie” glove along: 
with your computer display the sort of thing 
Mike Noll has been doing at Bel) Labs. 


Now, suppose you are playing with a dlagram 
of a star on a computer display ecreen. It's all 
very well to ite le flowing arrows re 
Presenting convection currents, pramontories and 
80 on-- but some things you ought to be able to 
feel. Por example, the mechanical resonance-prop- 
erties of stars. It would be nice to be able to 
reach and graap the star, to squeeze it and feel 
its pulsations as it regains its shape. This 
could be done in the glove— at the same time the 
image of the glove grasps the star on the screen, 
‘and the star is equiehed. 











Of course, to build such a responding glove, 
particularly one that gave you subtle feelings 
back in your fingers, would probably be very ¢: 
pensive. But it’s the kind of possibllity people 
should start considering- 





Sweol Lhave cated + 


TEAcHorecHiics? 
SHOWMAN SHIPNOGOG-Y? 
INTELLECTRONICS? [se] 
THOUGH TO MATION ? 
MEDIA -TRON IES? 


ABOUT THE TERM 
FANTICS.’ 


First of all, 1 feel that v 
people understand what interactive cosyuter 
Systems are about. It's like the story of the 
aerate aad Ceapcatas each thinks it’s 
in as i 
technical specialty). Sooner te c0n hig; oun 


But I think it's a1] show business, 
PENNY ARCADES are the model for interactive 
computer systems, not classrooms or librarles 
or imaginary robot playmates. And computer 
graphics is an intricate branch of movie- 
making. 





Okay, so I wanted a term that would 
connote, in the most general sense, the show- 
manship of ideas and feelings-- whether or not 
handled by machine. 


_I derive “fantics" from the Greek words 
“phainein" (show) and its derivative "phantas- 
tein" (present to the eye or mind), 


You will of course recognize its cousins 
fantastic, fantasy, phantom, ("Phantom means 
what is shown; in medical illustration it refers 
to an Opaque object drawn as transparent; a 
“phantom limb" is an amputee's temporary feeling 
that the severed limb has been restored.) And a 
fantast is a dreamer. 


The word “fantics" would thus include 
the showing of anything (and thus writing 
and theater), which is more or less what I 
intended, The term is also intended to 
cover the tactics of conveying ideas and 
impressions, especially with showmanship 
and presentational techniques, organizing 
constructs, and fundamental structures 
underlying presentational systems. 


Thus Engelbart's data hierarchy (P2°%-7), 
SKETCIIPAD's Constraints (p.jxt%3), and PLATO's 
fantic spaces (p.Sn2%-f are fantic constructions 
that need to be understood if we are to under- 
stand these systems and their potential usages. 


oS 


Livermore Labs, those hydrogen-bomb 
design people, will have a “Laboratory for 
Data Anelyals,” an opulent facllity for ex- 
perimenting with multidimenstonal visualization. 





tures of beautiful multibutton control handles which 
were designed for project SMASH, would you belleve 
Southeast [Asia] Multisensory Armament Syetem for 
Helicopters. Aargh.) 


The beat with the worst. 


Everything ls deeply Intartwingled. 


g—+* 
Designing screen systems that focus 
the user's thought on his work, with help- 


ful visualizations and no distractions, is 
the great task of fantic design. 


In a system I designed for CAT motion- 
picture editing, the user could maipulate 
written descriptions on the screen (corres- 
ponding to the usual yellow-pad notes). To 
see the consequences of a particular splice 
for instance, the editor would only have to 
draw a line between two annotated lines r 
presenting shots, Trim variations could be 
seen by moving this cut-line (illustrated). 





Not long after, CBS and Memorex did in- 
troduce a system for movie-editing by CRT-- 
but I've heard that in their system the user 
has to actually deal with numbers. If so, 
this is missing the whole point. 


Hartel Shes Fr 
mols 4s 


MONSTER APPROACHES, 
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CLOSEYP OF HEROINE 
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*THINKERTO? S* 


Our greatest propiemg involve thinking and the 
visualization of complexity. 


By "Thinkertoy" I mean, first of all, a system 
to help people think. (‘Toy means it should be easy 
and fun to use.) This is the same general idea for 
which Engelbart, for instance, uses the term “aug- 
mentation of intellect.” 


But a Thinkertoy is something quite specific: 
I define it as a computer dieplay system that helps 
you envision complex alternatives. 


The process of envisioning complex alternativea 
ig by no means the only important form of human 
thoughti but it is essential to making decisions, de- 
signing, planning, writing, weighing alternate theor- 
ies, considering alternate forms of legislation, doing 
scholarly research, and so on. It is also complicated 
enough that, in solving it, we may solve simpler prob- 
lems ae well. 


We will stress here some of the uses of these sy- 
stems for handling text, partly because I think these 
are rather intereating, and partly because the com- 
Plexity and subtlety of this problem hap got to be 
better understood: the written word is nothing less 
than the tracks left by the mind, and so we are really 
talking about screen systems for handling ideas, in 
all their complexity. 


Numerous types of complex thinge have to be inter- 
compared, and their relations inter-comprehended. Here 
are a few of the many types: 


Alternative designe. 


Discrepancies among the testimony of witnesses. 


Successive drafts of the same decument. 


Pairs of things which have some parts the 
game, some parte different (contracts, holy books, 
statutes of different states, draft versions of 
legislation...) 


_ 
Different theories and their ties to parti- 
cular examples and evidences. 





feovy L 
Totem 2 
Under examination these different types of inter- 


comparison seem to be rather different. Now, one ap- 
proach would be to create a different data structure 


and viewing technique for each different type of complex. 





There may be reasons for doing that in the future. 


For the present, however, it makes sense to try to 
find the most general possible viewing technique: one 
that will allow complex intercamparisone of all the 
types mentioned, and any others we might run across. 


One such technique is what I now call collatera- 
tion, or the linking of materials into collateral uc 
tures as will be explained. This ie fairly straight- 
forward if you think enough about the problem; Engel- 
bart discovered it independently. 








Let us call two structures collateral if there are 
links between them, connecting a selected part of one 
with a selected part of the other. The sequences of 
the connected parts may be different. For simplicity's 
eake, suppose each one is a short piece of writing. 

(We will aleo aspume that there is some convenient form 
of rapid viewing and following between one end of a link 
and another.) 

Pest pocomear 


secoup 
Dace m cap 
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We might also think of them as eystems for 


Je MANAGEMENT OF LOOSE EXDS. 


Now, it will be noted first off that this is an ex- 
tremely general method. By collateral structuring we 
can easily handle the equivalents of: tablea of contents: 
indexes; comments and marginalia; explanationa, exegesis, 
explication; labeling; headinge; footnotes; notes by the 
writer to himself; comments and questiona by the reader 
for later reference; and additional details out of se- 
quence. 


Gollateration, then, is the creation of such 
multiple and viewable links BETWEEN ANY TWO DATA 
STRUCTURES, in principle. It is general and powerful 
enough to handle a great variety of possible uees in 
human intellectual endeavor, and deserves consider 
able attention from researchers of every stripe.*® 


The problem then, is how to handle this for 
rapid and convenient viewing and whatever other work 
the user wants to do-- writing and splicing, inter- 
comparing, annotating and so on. Two solutione ap- 
pear on this spread: The Parallel Textface™, design- 
ed as a seminal part of the Xanadu system P-dASb). 
which I hope will be marketed with that system in the 
near future, and a more recent design which I've work- 
ed on at the University of Illinois, the 3D Thinkertoy 
or Th3. 





CLARITY AND POWER 


We streased on the other side of the book that 
computer systems must be clear, simple and easy to use. 
Where things like buginese uses of computers are con- 
cerned, which are intrinsically so simple in principle, 
some of the complications that people have been forced 
to deal with in ill-desiqned computer systems verge on 
the criminal. (But same computer people want othera 
to think that's the way it has to be. "Your first 
duty ie to keep your job, right?” one computer person 
said to me recently. “It wouldn't do to set up systems 
80 easy to use that the company wouldn't need you any- 
more." See “Cybercrud," p.6.) | 


But if it is desirable that computer systems for 
simple-minded purposes be easy to use, it is absolutely 
necessary that computer systems for complicated purposes 
be simple to use. If you am wrangling over complex al- 
ternatives-- say, in chess, or in a political simla- 
tion game (see “Simulation,” p. 58), or in the throes 
of trying to write a novel, the last thing you will tele- 
rate is for your computer screen to introduce complica- 
tions of its own. If a system for thinking doesn't 
make thinking aimpler-- allowing you to see farther and 
more deeply-- it is useles, to use only the polite term. 


But systems can be beth powerful and simple at 
the same time. The myth that things have to be com- 
plicated te do anything for you is pernicious rubbish. 
Well-desiqned systems can make our mental tasks lighter 
and our achievements come faster. 


It ie for this reason that I commend the reader 
these two designs of mine: as examples of user-level 
control and viewing designs-- fantic environments, if 
you will (see pJg-s:)-- that are pruned and tuned to 
give the user great control over the viewing and cross- 
consideration of intricate alternatives, without cam- 
Plication. I like to believe that both of these, in- 
deed, are ten-minute systems-- that ie, when we get 
them running, the Fange of uses shown here can be taught 
to naive usere;in ten minutes or lesa. 





It ie because of my heartfelt belief in thie kind 
of simplicity that I stress the creation of prefabrica- 
ted environments, carefully tuned for easy use, rather 
than the creation of computer 1. es which mst be 
learnt by the user, as do such people as Engelbart (see 
P-DAYG) and DeFanti (see p.)M31). Now, their approach 
bviously hae congiderable merit for sophisticated users 
who want to tlnker repeatedly with variant approaches. 
Por people whe want to work incessantly din an environ- 
ment, and on other things-- say writers-- and are ab- 
sent-minded and clumsy and nervous and forgetful (like 
the present author), then the safe, prefabricated en- 
vironment, with thoroughly fail-safe functions and ut- 
terly memorable structural and control interrelation- 
ehips, ie the only approach. 


= In my 1965 paper (eee bibliography) I called collateral 
structures zippered liste. 


** A group at Brown University has reportedly worked 
along these lines since I worked with them, but due 
to certain personal animosities I havea not kept up 
with their developments. It will be interesting to 
see what kind of response they can get out of the 
IBM systems they are using. 
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DECISION/CREATIVITY SYSTEMS 
[lkceroys] 


Theodor H. Nelson 
19 July 1970 


It has been recornized from the dawn of computer diaplay that the 
@rendest and mst important use of the computer display should be to 
aid decisions end creative thought. The work of Ivan Sutherland (SKETCHPAD) 
and Dougles Engelbert have really shown how ve may use the display to 
visualize and effect our creative decisions swiftly and vividly. 


For sone reason, hovever, the most important aspect of such systems 


has been neglected. 


We do not make important decisions, ve should not 


make delicate decisions, serially and irreversibly. Rather, the pover of 
the computer display (and its conputing end filing support) must be so 
crafted that we may develcp elternatives, spin out their complications 
and interrelationships, end visualize these upon a screen. 


WE OFTEN WANT TO SAVE ALTERNATIVES. 


No system could do this for us autometically. What design and 
as programming cen creete, hovever, is a facility that vill allow us 
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From Coleridge's Poems: A Facsimile 
Reproduction of the Proofs 
and MSS. of some of the Poeme. 
(Folcroft, 1972.) 
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to list, sketch, link and annotete the complexities we seek to under> 
stand, then present “views” of the complexities in many different forms. 
Studying these views, annotating and refining, we cen reach the final 
designs and decisions with much rore in mind than ve could othervise 
hold together in the imagination. 


Some of the facilities that such systems must have include the 


Annotations to anything, to any remove. 
Alternatives of decision, design, writing, theory. 


Unlinked or irrerular oieces, hanging as the user wishes. 





Multicouzling, or complex linkage, between alternatives, annota~ 
tions or whatever. 


of the user's actions, including each addition 


on, and possitly the viewing actions that preceded them. 


Frozen ronments and versions, which the user may hold as memorable 





for his thinki 





Evclutionary coupling, where the correspondences betveen evolving 
versions are autcmaticolly raintained, and their differences or relations 





easily annotated. 


In addition, designs for sereen "views", the motion, appearance 
and disappearance of clements, require considerable thought and imagi~ 


nation. 


The object 1s not to burden the user, or make him avare of complex- 
ities in vhich he has no interest. But almost everyone In intellectual 
and decision pursuits has at some time an implicit need for some of 


these facilities. 


If people knev they vere possible, they vould demand 


them. It is time for their creation. 


A full-fledged decision/creativity syatem, embracing both text and 
graphics, is one of the ultirate design goals of Project XANADU. 


The PARALEL Textrace® 


This user-level system is intended to aid in 
all forms of writing and scholarship, as well as 
anywhere else that we need to understand and mani- 
pulate complex clusterings of text (i.e., thought). 
It will also work with certain animated graphics. 


The Parallel Textface, as described here, 
furnished the initial impetus for the development 
of the Xanadut™ system (see p.twS6). Xanadu was 
developed, indeed, originally for the purpose of 
implementing some of these functions, but the two 
split apart. It turned out that the Parallel 
Textface required an extremely unusual data struc- 
structure and program techniques; these then became 
the Xanadu system, As developed in the final 
Xanadu design, they turn out to handle some very 
unusual kinds of screen animation and file retrieval. 
But this grew out of structuring a system to handle 
the functions described here. 


Thus the Parallel Textface basically requires 
a Xanadu systen, 


It is hoped that this system can be sold con- 
plete (including minicomputer or microprocessor-- 
no connection to a large computer is required) for 
a few thousand dollars by 1976 or 1977. See p. 
(Since “business people” are extremely skeptical 
as to whether anybody would want such a thing, I 


would be interested in hearing expressions of in- 
terest, if any.) 
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As shown here, the screen presents two panels 
of text; more are allowed. Each contains a seg- 
ment of a longer document. ("'Page" would be an im- 
Proper term, since the boundary of the text viewed 
may be changed instantly.) 


The other odds and ends on the screen are hid- 
den keys to control elements which have been made 
to fade (in this illustration), just to lessen the 
distraction, 


Panel boundaries and control graphics may b? 
made to appear by touching them wi Tle lightpen. 





GiHt7z F- Nerson 


ROVING FUNCTIONS 


The text moves on the screen! (Essential.) 
The lower right hand corner of each text panel 
contains an inconspicuous control diagram. The 
slight horizontal extension is a movable control 
pip. The user, with his light pen, may move the 
Pip up or down. "Up" causes the text to move 
smoothly upward (forward in the material), at a 
rate proportional to how far you push the pip; 
“down" causes it to move back. (Note that we do 
not refer here to jerky line-by-line jumps, but 
to smooth screen motion, which is essential in 
a high-performance system. If the text does not 
move, you can't tell where it came from.) 





Real person sits at 
cardboard Xanadu mockup. 





4 
“Nice keyboard, But 
what happened to 
your typewriter?” 





Two panels are about 
right for a 10 x 10 
screen. 





Independent text pulls 
dependent text along. 
Painted streaks simulate 
motion, not icicles. 
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DERIVATIVE MOTION: when links run sequential- 
ly, connecting one-after-the-other on both sides, 
the contents of the second panel are pulled along 
directly: the smooth motion in one panel is match- 
ed in. the other, This may be called derivative 
motion, between independent text (being handled 
directly with the lightpen) and dependent text 
(being pulled along). The relationship may be re- 
versed immediately, however, simply by moving the 
lightpen to the control pip of the other panel, 
whose contents then become the independent text. 


unhepentert feit 


Irregularities in the links will cause the 
independent text to move at varying speeds or jump, 
according to an average of the links‘ connectivity. 





dependent tot 





OQ Tenesey 
mdopedest test 


1£ no links are shown, the dependent text just 
stops. 





O1t. preves 


Collateral links between materials in the 
two panels are displayed as movable lines bet- 
ween the panels. (Text omitted in this diagram; 
panel boundary has been made to appear.) 


Some links may not have both their endpoints 
displayed at once. In this case we show the in- 
complete link as a broken arrow, pointing in the 
direction of the link's completion. 





Oe Trees 


The broken arrow serves not merely as a vi- 
sual pointer, but as a jump-marker leading to the 
linked material. By zapping the broken arrow ne 
the lightpen, the user summons the linked robert pe 
as shown by the completion of the link to the othe 
panel, (Since there has been a jump in ene ee end 
panel. we see that in this case the other lin 


een broken.) 


‘ty-i-L 
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en such links lead to different places, both 
of these destinations may nevertheless be seen at : 
once. This is. done by pointing at both broken 1i8 s 
in succession; the system then allows both lin riko 
be completed, breaking the second panel between 
two destinations (as shown by dotted line across 


panel). 
Oot 
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FAIL-SAFE AND HISTORICAL FEATURES. 


In systems for naive users, it is essential 
to safeguard the user from his own mistakes. Thus 
in text systems, commands given in error must be 
reversible. For instance, Carmody's system (see 
Pe oM4 7) requires confirmation of deletions. 


Another highly desirable feature would allow 
the user to view previous versions, to see them col- 
laterally with the corresponding parts of current 
versions, and even go hack to the way particular 
things were and resume work from the previous 
version, 


In the Parallel Textface this is all com- 
prised in the same extremely simple facility. (Ex- 
tremely simple from the user's point of view, that 
is. Inside it is, of course, hairy.) 


In an egregious touch of narcissistic humor, 
we use the very trademark on the screen as a control 
device (expanded from the "X" shown in the First 
panel * 





Orye y-Newon 


Actually the X in "Xanadut™," as it appears 
on the screen, iS an hourglass, with a softly fall- 
ing trickle of animated dots in the lower half, and 
Sands of Time seen as heaps above and below. These 
have a control, as well as a representative, func- 
tion, 


TO UNDO SOMETHING, YOU MERELY STEP "BACKWARD 
IN TIME" by dagging the upper part of the hourglass 
with the lightpen. One poke, one editing operation 
undone. Two pokes, two operations. 


You may then continue to view and make changes 
‘as if the last two operations had never taken place. 
This effectively creates an alternative time-line.* 
ilowever, if you decide that a previously undone edit 
operation should be kept after all, you may step 
forward-- stepping onto the previous time-line-- 
By using the lower half of the hourglass. 


Soe ife 2 em Hye er Oe 
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Revision “free. 
Own YT. Necsors 


We see this clarified in a master time diagran 
or Revision Tree which may be summoned to the screen, 
never mind how. In this example we see that three 
versions are still "current," various other starts 
and variations having been abandoned. (The shaggy 
fronds correspond to short-lived variations, result- 
ing from operations which were then reversed. In 
other words, “excised” time-lines, to use Gerrold's 
term-- see footnote.) 
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The user-- let’s say he is a thoughtful writer-- 
may define various Versions or Drafts, here marked 
on the Revision Tree. 





Qu * Neeson 


He may, indeed, define collateral linkages between 
Sueteront versions defined at various Times in the 
Tee... 


SZ 


Deanery 
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+++ and see them displ, ; 
them further. Played collaterally; and revise 
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Materials may be copied between versions. (Note 
that in the copying operation of the Parallel Text- 
face, you actually see the moved text moved bodily 
as a block.) 
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GETTING AROUND 


The user may have a number of standby layouts, 
with different numbers of panels, and jump among 
them by stabs of the lightpen. 








Importantly, the panels of each can be full, 
cach having whatever the contents were when you last 
eft it. 


File Web™ 
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The File Web™ is a map indicating what 
(labelled) files are present in the system, and 
which are collaterated. 


Whebatton 
a.t 
as 
aa 
i as File Sta ™ 
Ott eden 


The File Start™ is a quick index into the con- 
tents of a file. It expands as long as you hold 
the lightpen to the dot in the center, with various 
levels of headings appearing as it expands. Natur- 
ally, you may jump to what you point at. 
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EDITING 


Rather than giving t 
ed to learn, the system 1s co 
edit controls are comprised i 
Roset™, Viz.: 


the user anything complicat- 
completely. visual. All 
n this diagram, the Edit 


Vio tees 
& Delete 


Rearrange 
ll Ory 


. Operation apples te Link 
Operstion apphes te file 
i) (ob cee fle “opestees) 
ON7z, T Ney 


Separate portions of the Edit Rose invoke 
various edit operations. (You must also point with 
the lightpen to the necessary points in the text: 
once for insert, twice for Delete, three or four 
times for Rearrange, three times for Conv + 
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GENERALITY, sca 


The system may be used for comments on things, 





Owe trnusey 


for organizing by multiple outlines or tables 
of contents; 


Wee wecassf » 
Persie 
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and as a Thinkertoy, organizing complex alternatives, 
(The labels say: "Conflicting versions," "New account 
of conflicts," Exposition of how different accounts 
deal with objections," "Improved, synthesizing account.” 


In other words 
label discrepancie 
cesin separate fi 


in this approach we annotate and 
and verbally comment on differen- 
or documents. 











1 gph weve. tats may seen somewhat obtuse. Yet above 
all it is order. ani © complex of collateral files 
has @ clarity that could be all-too-easily lost in sy- 
stems which were programmed more specifically to each 


problem. kway’ 





Our Tensor 


The fundamental strength of collateration, 
seen here, is of course that any new structure’ 
collateral to another may be used as a table of 
contents or an outline, taking the user instantly 
to parts which are of interest in some new context. 


« Qddly, this has the same logical structure as 
time-travel in science-fiction, 


There are basically three alternate premises of 
of time-travel: 1) that the past cannot be changed, 
all events having preceded the backstep; 2) that the 
past can be changed; and 3} that while time-travelers 
may be deluded into thinking (2), that (1) is really 
the case-- leading to various appointment -in-Samarra 
plots. 


Only possibility (2) is of interest here, but 
there are various alternative logics of mutability and 
time-line stepping. One of the best I have seen is in 
The Man Who Folded Hiwself by David Gerrold (Popular 
Vibrary, 1973): logic expounded pp. 64-8. I am be- 
mused by the parallel between Gerrold's time-controls 
and these, worked out independently. 





TERY ADVANCED (*) 
7 TEXT SYSTEM. ; 
he ovr peril. 
rst Neola i 
Concept aks only. 


This design, Th3 (Thinkercoy in 

3 dimensiona), is one I have been vork- 
ing at while on the faculty of the Univ- 
eraity of Illinoie. It is designed epe- 
cifically for implementation using De- 
Fanti’a GRASS language (see p.d* 31), 
and the Vector General 3D display (see 
p-"G). Whether it wil] ever be actually 
Programmed depends, of couree, on numer- 
ous factors. 


It 1s meant to be a very high- 
power thinkertoy, suitable for experimen- 
tation with creative processes, eapecially 
writing and three-dimensional design. 
(There is no room to discuse the latter 
here.) Ic is suited¢specially to the visual- 
ization of centative structures in amorphous 


clusters. In eome of ite features it goes 
. 






thinkertoy syst the Parallel Textface 
(elsewhere in thie spread). 


Neverthele the same design criteria 
apply: a well-designed computer environment 
for any purpose should be learnable in ten 
minutes; otherwise the deaigner hae not been 
doing his job. (I mean it would be learnable 
in cen minutes if you and I had it in front 
of us, working. This description will have 
to be weird and abatruse, I'm sorry to eay.) 








This syetem is designed around a three- 
dimensional diaplay screen (the Vector Gener- 
al display, as manipulable by chgGRASS lan- 
guage). 


Now, most people do nor think of text 
as three-dimensional. Laymen think of it as 
two-dimensional, since it's usually printed 
on rectangular pages. Computer people or— 
dinarily think of ic as one-dimensional 
a long string of charactere and epace: 
eesentially what you'd get Jf you printed 
things in one line on a long, long ribbon. 
Well, frankly, I don't think of teat ae 
three-dimensional either; but like anything 
elee, it has numerous qualities or dimen- 
eions, any three of which it'a nice to be 
able to view at once (eee "Dimensional Flip,") 
p.WASi). And chat'a essentially the idea: 
the three dimensions we'll look at at any 
one time will be a particular view of a larger 
whole. 











Now, the basic torm of storage will be 
one of those Nelgon-structures that drives 
computer people barty. Specifically, the 
baeic data structure wlll be clusters of 


pointes. 


Puns sometimes reflect a higher reality. 
Now it turns out that this structure in fact 
reflects a great Folk Truth: written discourse 
doea In fact consist of "points" which you 
intend to get across. That we here intend to 
have them rotate as dote upon a ecreen reflects 
thie structure. 














Writing is, {n fact, a projection from 
the intended “pointe” to a Finished exposition 
which embraces them. Now, this is very like 
the view of language held in modern linguistics, 
namely, that a Finished sentence ie a "eurface 
atructure” constructed out of basic sentence 
kernels chewed up by certain traneformations. 
Well, I am juat pointing out here that writing 
ia a surface structure of “pointe” which have 
been eabedded and epliced in a structure of 
transitions, accordance-notes and so forth (see 


DMS 


The general idea of the Th3 eyetem, then, 
fa that the user may view the "pointe" he 
wishes to make, variously upon the 3D viewing 
ive drafte, then, will all be 
projections, geometrically, from thie interior 
structure of pointe. 











Finally, the unifying idea chat gives the 
syste aimplicity is this: all views will be on 
faces of a cube. 


= 
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(FURTHER TECHNICALITLES OF THESE ‘POINTS’: 
Rach point may have a value (numerical pa- 
rameter) in any of a number of dimensions 
(which number may itself change). Such 
values may be null, as distinct from zero, 
showing that the point has no position on 
that particular scale. 

Associated with each point may be one 
or more pieces and ecrape or written mater- 
dal. Such scraps may be just phrases or 
ngle words. (Indeed, such scrape may be 
associated not just with » point, but with 
several apecific values of a point.) Each 
actap may also contain keywords. 

Discrete relacions between points may 
also be defined. There may be a variety 
of types of relation, which either exiat 
between two points of don't.) 








The crucial point here is ctnac it's unified 
to the user: every vereion appeare on a side of 
@ box; and a typeset version is simply a magni- 
fied two-dimensional view in which the tvo dimen- 
alone are "position in overall text" (vertical) 
and “position on line" (horizontal). 


Bach gide of a box may have a different 
view projected to it. This means that ae many 
as three views of a specific clueter may be 
seen at once. However, for consistency theee 
muet have appropriately common dimensione. 


eee 





By rotation and zooming the user may focue 
on the original pieces, and work with them, writ- 
ing and revieing. 


Moreover, by using a combination of zoom 
and hardware clipping (aa available on thie 
equipment), the user may restrict hie work to 
@ specific range of material on particular di- 
mensions. 


GALAXY AND BOX 


There are basically two viewe of what 

you are working with: the Galaxy and the Box. 
They appear in various manifeetationa, allow- 
ing you to study diecrete relations and etruc- 
turea in the material; varioue "dimensione”™ of 
the material; alternate versions and drafte to 
be made from the material; and the complex col- 
lateration (see under “Thinkertoys") of differ- 
ent etructures. 


In what Follows we will discuss the ecreen 
functions but not the control etructures, which 
have not firmed up particularly. 


1. GALAXY VIEWS. 
The pointe are seen as a cloud of dots on 


the screen. If no view coordinates are eupplied, 
the dots will be randomly positioned. 





A. “Star Trek" effect. 
Under @ user's zoom control, the dots 
fly apart as if he is hurtling through 
space. 


B. MAGNIFICATION. The user may “magnify” 
the dots, making each show its keyworde, 
further text, and on up to the full 
Piece. 


C. ROTATION. The 3D structure of the dots 
in space may be seen by the user at 
any time through short rotations. 





D. Any relations that exist smong the 
Points, insofar as they have been logg- 


ed into the system, may be displayed 
among the ponte 





=. The user may sort the points by moving 
them with a lightpen. 


F. The user may write within the individ- 
val pieces and splice them together, 
combining lightpen and keyboard oper- 
ations. 


2. BOX VIEWS 


In the Galaxy Views, the individual Pointe 
simply ew: about with no definable position. 
“Box Views" allow you to order the pointe on any 
dimensions that have meaning to you, in an ar- 
bitrary coordinate-space. 





The box ie more than a mere measurement~ 
frame. On request the user may see the pointa 
projected on a specific face of the box (ortho 
graphically); and on request he may also see pro- 
jection lines between a box-face and ite cor- 
reeponding point in the point cluster. 








"Magnifying, before, will create a view 
of the text: but in the box mode of viewing, the 
text appears on the side of the box. That ie, 
the inner view will project to the outside, 
yielding a draft. Naturally, thie is the current 
a bly of your pieces; if certain coordinates 
are aelected it is even a "typeset" version. 














(Note: Vector General hardvare does not al- 
low character rotation; only keyword and headline 
rotation ig possible, through software character 
generation. Thue text pieces on the side of a 
box show certain freaky movements if the side ie 
not vieved square-on.) 





Fat the 1971 Spring Joint Computer Conference, I think it was, 

T wae heckled by a linguist who accused me of being “unimaginative,” 
ineieting further that writing is merely an extension of speech 
and thus "merely" the application of further traneformations; and 
he claimed further that what the user therefore needs ia an input 
language to apecify these transformatione. This view, while inter- 
esting, ie wrong. 

A but/indeed control language might be interesting, however. 


[appended by the 
hovever-operation, a postfix "but." See "Writing," p. DM43.) 
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COLLATERAL GALAXIES AND BOXES. 


Viewing of collateral structures vorks 
through the eame mechanism. Galaxies and 
boxes may be collaterated: 


COMPLICATED NOTE: The extension of cheae 
mechaniama to pictorial graphics im tvo 

and three dimensions ie straightforward, 
and to conceptual eubatructures (such ag 
may exiat) behind these graphics. The 

same goes for collateration and annotation - 
of multidimeneional cluster materials, e.g. 
in sociology: the system would allow, for 
instance, the viewing, annotation and col-— 
lateration of sociometric cluecerings.) 


BOX FISSION. (The Beauty Part.) 


For paired views of projections from 
the same cluster which do not share a com- 
won coordinate, a marvelous trick is pos- 
eible: BOX FISSION. Starting with one box 








containing a galaxy, ve pull it sparc, 
making tvo boxes and two galaxies vhose 


Points are linked. 


Fico) 


yields 






IA DEPENDENTLY overage 
COLLATERATED Bones, 


Now both boxes can be rotated indepen- 
dently, and any view considered; equivelence- 
linkages may now be viewed between any two 
vievs. (The eye oust, however, turn tuo 
corners.) 





COA RESPONDING 


(It is interesting to note tnat the links in 
Box Fission are handled automatically, to an 
extent, by the hardware.) 


WELCOME TO THE FUTURE. HUH? 


Thie has summarized the development of 
eome ideas for the viewing and manipulation 
of complex stuff. I offer thie design, ineo— 

I have been able to present it here, 
an exemple of fantic design (see p. 50 )- 
There 16,no logical necessity to it; it cor- 
responda to the traditional structure of no 
technical sy: it arises from no intrinete 
or traditional data structures used for com 
puter representation of these things. 











But none of these considerations is to 
the point. Thie design hae a certain eterk 
logical simplicity; it extends itself plaus— 
{bly from its basic outlook (or etarting 
ideas, if you can isolate them) into e tool 
for truly intricate cross-coneideration, 
without adding unnecessary end herd-to- 
remember "technicalities." At least that's 
how I think of it. 








Obviously the aesthetics of Lt are in- 
portant to the designer. But a ore final - 
criterion of ite goodness— ice usefulness— 
may depend on the same parsimony and organi 
zational clarity. ie 
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KANADU” 


(presovs ted Zanna ~Dee) 


KUBLA KHAN : OR, A VISION IN A DREAM 
A PRAGMENT, 


In the suramer of the yaar 1797, the Author, thea In 
red to & farm house between Porloch and Linton. op tbe 











r prea 
in in chalr wt fe moment (hai he waa reading 
ce. or Wunts Of the xauie sulstapce, io" Purchase’s. 
lere the Khun Kubla conmuanded a palace to be 
rien thereto - apd thus ten miles of fertile 
with @ wall. The Autbor cvetinued for about three 
Ours In & profound sicep. at least of the external arosen, during wbich 
dime he as the most virid conthleuce, (hat le could nat have con 
lew than from tro (o three hundred linen ; if that Indeed can be call 
composition in which all the Images rose up before him astbiogs, wlth 
a parallel production of the correspondent expressions, without ap: 
eeosatloa oF consclounnesa of effort. On awakluu be appeal to lmealt 
n. Ink. and 









have a Jiatinet recollection of the whole, and taking 
Paper, instantly-and eagerly «rote down the v 
ferred. AL this moment he was unfortunately called out by 

‘On business from Porlock, and detained by him above an hour, and on 
Bin retur to the room, fauind, to bis no wniall aurprise and moruGcation, 
that though he still retained’ some vague and dim recollection af tbe 
geurral purport of the vision, yet. with the exception of some eight or 
Len scattered lines sod Images, all che rent had pasied away like the 
image on the surface of a stream Into which s atooe had 

but alas: without the after restoration of the latter : 








Then all the charm 





The visions will return : he ata: 
‘And eoon the fragmenta dim of lorely forlas 
Come trembling back. unite, and ow once more 
‘The pool becomes @ mirror. 


At a contrast lo this vialon, J have anuexed a fragment of a vary 
foreot character, describlag with equal ‘Adelity the dreain of pais o 


E 


KUBLA KHAN. 


Is Xanedu did Kubla Khan 
A stately pleasure-dome decree : 
Where Alph, the ancred river, ran 
‘Through caveros mvasureless (oman 
Down to a aunless sea. 

So twice five miles of fertile ground 
With walle and towers were girdled round : 
Aad there were panieny bright with sinuous rills 
Where blossomed many an Incense-bearing tree: 
And bere were forests ancient as the hills, 
Enfolding sunny spota of greenery. 
But ol! thet deep romuntic chaain which slanted 
Down the green ‘Sl athwart a cedarn cover | 
a savage place | as holy and enchanted 
‘As e'er beneath a waning moon was hunted 
By woman walling for ber demou-lover ! 
And from this chaam, wlth ceaseless turmoll seething, 
Ae Lf thle earth In fast thick p auts were breathing, 
A mighty fountalu momently was forced : 
Amid whose swift half-intermilted burst 
Huge fragments vaulted like rebounding hall, 
Or chaffy grain beneath the thresher’s flail : 
‘And ‘mld these danclag rocks at once and ever 
Jt dung up momently the eacred river. 
Five miles meandering with @ mazy motion 
Through wood and dale tic sacred river ran, 
‘Then reached the caverns measureless lo man, 
And sank In tumult to a lifeless ocean : 
Aad ‘mid thle tumult Kubla heard from fer 
‘Ancestral voices Prophesying war | 

The shadow of the dome of pleasure 

Floated mid way on the waves ; 

‘Where was heard thie mingled measure 

From the fountain and the caves. 
It was 4 rolracle of rare device, 
A ouany pleasure-dome with caves of ice 1 

A dameel wlth a dulcimer 

Ina vision ouce J saw ; 

It was oo Abyssinian mald, 

‘And on her dulcimer she played, 

Sloging of Mount Abora. 

Could I revive withla me 

Her symphony and song, 

To such a deep delight twould win me 
‘That with muale loud and long, 
I would build that dome Io air, 
‘That sunny dome ! those caves of Ice t 
And all who card should see them there, 
And all should cry, Beware ' Beware ! 
His flashing eyes, bis floating hale ! 
‘Weave a circle round him thrice, 
And close four eyes with holy dread, 
For be on honey dew hath fed, 
And drunk the milk of Paradise. 


"Is that the river that runs down to the sea?" 


dames Stewart 
in 
"The FBI Story." 


Thy Deh bye 


Patent work on Xanadu is in progress. 


Xanadu, friend, is my dream. 


The name comes from the poem (nearby); 
Coleridge's little story of the artistic trance 
(and the Person from Potlock) make it an appro- 
priate name for the Pleasure Dome of the crea- 
tive writer, The Citizen Kane connotations, 
and any other connotations you may find in the 
poem, are side bengfits. 


I have been working on Xanadu, under this 
and other names, for fourteen years now. 


Originally it was going to be a super sys- 
tem for handling text by computer (see p. | 
and \3 ). But it grew: as I realized, level 
by level, how deep the problem was. 


And the concept of what it was: to be kept 
changing, as I saw more and more clearly that 
it had to be on a minicomputer for the home. 
(You can have one in your office too, if you 
want, but that's not what it's about.) 


Now the idea is this: 


To give you a screen in your home from 
which you can see into the world's hypertext 
libraries, 


(The fact that the world doesn't have 
any hypertext libraries-- yet-- is a minor 
point.) 


To give you a screen system that will 
offer high-performance computer graphics. and 
*text services at a price anyone can afford. 

To allow you to send and receive written mes- 
sages at the Engelbart level (see p.DM46). To 
allow you to explore diagrams (see p. DMI? and 
P. DMS1). To eliminate the absurd distinction 
between “teacher” and "pupil." 


To make you a part of a new electronic 
literature and art, where you can get all your 
questions answered and nobody will put you 
down. 


ak aA 


Originally Xanadu was programmed around 
the Parallel Textface (see p. DM53). But as 
the requirements of the Parallel Textface were 
better and better understood, Xanadu became 
a more general underlying system for all forms 
of interactive graphic environments. Its data 
structure has Virtual Blocklessness and is 
thus well related to the smooth motions needed 
by screen users, Thus in its final form, now 
being debugged, it will SHPROTt not. only the 
Parallel Textface (see p. 52 ), the Walking Net 
(see p. WISI ), Stretchtext (see p. DMI9), Zoom 
Maps (see p. DM!9) and so on, but indeed any 
data structure that needs to combine complex 
linkages with fast access and rapid changes. 
Because the data structure is recursivel 
extensible, it will permit hypertext (see\p. DM44) 
of any depth and complexity, and the collateral 
linkage (see p- bM92) of any objects of contemp- 
lation. 


Xanadu is under private development and 
should be available, if the economy holds, in 
1976. Regrettably, first prices will not be at 
the $3000 level necessary for the true Home 
System, Exact equipment for the production ver- 
sion has not been selected. A number of micro- 
processors (see p. 44 ) are in serious conten- 
tion, notably the Lockheed SUE, but there's 
something to be said for a regular mini. The 
PDP-11 is of interest (see p. 42 ); (so espe- 
cially is its Cal Data lookalike-- unless DEC 
would like to build us a PDP-11X with seven modes 
of indirect display addressing. Are you reading 
this, Ken Olsen?) And here's a laugh: a com- 
pany called IBM may in fact make a suitable com- 
puter, except that they call it the "3740 Work 
Station." So for those customers who want IBM 
equipment, maintenance and prices, with Xanadu 
software, it's a definite possibility. 


So, fans, that about wraps it up. I'll be 
interested in hearing from people who want this 
system; many hardheaded business people have 
told me nobody will. Prove ‘em wrong, America! 


Of course, if hyper-media aren't the great- 
e$t thing since the printing press, this whole 
project falls flat on its face. But it is hard 
for me to conceive that they will not be. 


Yonah: 
SEAS VEX 


‘WAT IT 15) the heart of the Banado system, now 
baiog datuyged, consists of a highly integrated 
program far use on mlnicomputars ("software"— 
eee p. 36) of micruprocessars (“firmeare’—- see 
P. 44). It fe an operating system with ‘two pro- 
grew: a highly generallced data management sys- 
tam for handiiog extremly cmplex data in huge 
files, and a generalised dleplay system, married 
to the other, for handling branching animation 
and retrieval and canned display programs. These 
ordain retrievals by the data system. The Parsl- 
lal Textface (sea p.paty) and the Walking Met 
(eee p.S4S)) axe two such canned progress. 





‘These antarnal systems are intended to be sold 
with consoles of various types, as illustrated 
nearby, for star-alone tarnkey use (eee p. [3 ). 
manadu f-networking: two an the phone make 
a network, and @ore can join. 





LABGUAGES! Hanadu programe will not be made avail- 
able in any higher languages, mainly because of their 
Proprietary charectar, but alsc because the display 
routines (and some of the retrieval routines) aust 
be programmad in aachine Language. 


‘The system has its ovn under-level language, RAP 
(Xanadu Assembly Progras). While teo highar-Level 
Gisplay Languages, DINGO (Display Lingo) and xvlt 
(the ultimate?) are contemplated, these will not or- 
dinarily be accessible to the user. The purpose of 
Aanadu Le to furnish the user with uncomputerish 
good-quy systems for epecific purposes, not a chance 
to do bis own programing. 








Important features of the data system are huge ad- 

dremsability (in the trillions of elements) and Vir- 

tual Block lesene: For advantages of this latter, 
y 


eee Loom Map, P. 
COMPATIBILITY: because of its highly compacted and 
unconventianal structare; 1t te not compatible with 
other operating systems (Includiog time-sharing). 
Anyway, to put it on a larger machine is like hav- 
ing your Mazda driven around ina truck. Because 
it uses &@ Line-drawing dlaplay (see p. OM {I-}) and 
therefore draws individual arbitrary lines on the 
screen repeatediy, Lt is not compatible with tele- 
vision eithar— wnlesa you point s TV camera at Lt, 
or the equivalent. Sorry. 











STANDARDIZATION. Taking @ leason from the integrated 
work of various people whose work has been described 
io this book, we ese that Lf you want a thing dane 
right, you have to do it yourself. (Great Ideas of 
Mestarn Man: one of @ sarles.) my good friend Calvin 
Mooare with hie TRAC Language (eee pp. 16-21) has 
covered that trademark 19 ane way to nail this as a 
right. 





Several levels of standardisation are important with 
Aanadu. One, all Xanadu systems must be able to work 
with all Ranadu (Lies (except for poswible variations 
in screen parformance and aica of local sumory). Wow, 
there are those who would pot be concerned for this 
wart of univereality, and who might even try to make 
sure systems were incompatible, ¢0 that you had to buy 
accessories and conversion kits up and down the Line. 
‘That de ona of the things that must be avoided: “par- 
tlel” compatibility, subject to expensive options and 
conditions, a vell-known technique in tha field. 


By stabilleing the “Xanadu” trademark, 1 hope to pre~ 
vent euch shenanigans. Thus every accredited Aanadu 
systam will offer full compatibility with the date 
structure, and either full performance or substitutes 
os necesuitated by the hardvare. The “Manadu" trademark 
can thus in principle be mada available to manufacturers 
abiding by all design features of the system. 


Second, all Xanadu systeme should be able te work with 
outside systems either through or off the net, If they 
conform to the unusual data rules required by the un- 
usual design of tha system. This assures that Xanadu 
systema will be compatible with any other popular net- 
works. It also assures others who want to offer Xan- 
s4u-class services to syetem comers (through , 
conventional time-sharing) that if they adhere to the 
rules (see “Canons,” p.JAS$) they can play the game 
on a certified basis. 








AVAILABILITY. It ie hoped that Xanadu will be avail- 
able in 1975 for at least one machina (guess which). 
‘Aa @ progr it will be available only in absolute 
form, without source or coments. 








AHEM. ‘There le a lot to talk about, but « lot of time 
can be wanted talking. It Le suggested that thouyht- 
ful computer firms, interested in some fora of partici- 
pation, study this’ book carefully— at least enough so 
fo ooe's time naed be wasted. 
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“Welecn's the Kam, and What Ha Proposes Could Outdo 
Engelbarc.” Electronics, 24 Nov 69, 97. 


‘A recent report by Arthur D. Little, # Boston fire 
thet makes its mousy by seeming to be cuniscient, 
commented om the considerable market potential 
for ca-Line data eupply systems. The report 
cout $400 or $4000, I forget which. Big-time ia- 
tacente are aprowl. 
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Porta-Ian. (Hookup by Tom Barnard.) 
Faceplate reflects CRI to wer while 
he's abroad in the world. One-hand 
ting and pointing device freee 
oe och re can be built wich auail— 
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Kanade feele suchas. 





Thanks a lot, Sam Coleridge, 
for those two symbols. 


Xanadu. 
And the Albatross. 


“ Me. Wonka sid, 
older chan you think. I can't go on forever. I've got 10 
children of my own, no family at all. So who is going to 
run the factory when f get too okt to doit my sell? Somcone's 
got to keep it young —if only for the sake of the Oompa- 
3. Mul you, there are thousands of clever men who 
woold give anything for the chance to come in and take 
over (ro) 


an old man. I'm much 





Loo 








wie I don't wave that sort of person. don't 
want a grown-up perian at all. A grownup won't listen 





tome; he won't learn. Fle will try to do things his own way 


and nor nix 





So V have to have a chil. I want a good 
can tell all my most 
aly-making sccrets while [ain sul alive.” 


sensible loving child, one t who 
precious ¢ 


Roald Dahl, Charlie and the Chowolate Faccary 
p-137. 











The Golden I's weloome 
the mind-lnangry traveller, 


DAST 


*% YANAN) NETRORK 


Firat of ell, bear to mind that Xensdu 1s @ 
unified system for camplex data management end 
dteplay. This basically amans that the "y- 
stem (without the displays) can serve as « feade 
aachina for the data network icself. 








So far, mo good. That mane that ve can have 

cmputer network handling the entire struc- 
ture: eending out librery materiale to users on 
call, and toring any materiele they want saved. 
This caves a}] binds of hassles wich big computers 
and big-computer-atyle programing. 






Buc who will psy for ict To build the kind 
of capactty va'r about— all those disks, 
all those winicamputers in 6 cetwork— ven'r it 
take immense qaounts of capitel? Bow, pesple ask 


me, will any American company ever back auch @ 
Utopian scheme? 





aba. 


Ove method of financing has proven iteelf in 
the postwar suburban 


NN 
age 


View from the enaak balaomy of a Large Xanadu installation, 
overt the internal greenery. 2 architecture 
permite phystoal expansion without interruption of sarvices. 
(Tha mollusks have bean telling us samethring about azpansion.) 


this time of drive~tne 








Franchising. 


Waat I proposs, then, is the Komwand Pop ansdu 
Stop. Or, more properly, tha Xanadu stand, “Wom and 
Pop™ ace the overs of the individual etend. But the 
customers can be familias, too. 


Tram fer sway the children see the tall 
“Ob, Daddy, con't we stop? I want to play 
caver," saya little Jotmy. Big Sis adde, “Tou 
kaw, I have co chach something for my paper 
Rowan politics.” And How says, “fay, chat would be « 
geod place for lunch.” 


den 








So they turn in past the sign thet eaye “OVER 
2 BILLION SCREEN BOURS,” and pull into the lor. They 
perk the car, end Ded shows the clerk hie Kanady cred- 
it card, and the kids rum to screens. Ded end Mom 











are some memories they'd like te share together... 





si paper, of courses, goes to ber teacher 
cbrough bia Zanadu console. 


‘THE PLAN. 15 IT AS CRAZY AS IT SEDGT 





One way to go is to ecert a new corporation, 
aister it vith tha SEC and cry to reise « lot of 
woney by selling stock publicly. Unfortunately 
there all hinds of obstacles for chat. ("Reg 
A" La about as far ap it will go.) 








Through cha-airecle of franchieing, nov, « lot 
f 





certain respous(bilicies ia che OVERALL KAMADU WET 
WORE— of which he te s mmber. Ue 1s assigned 
Perasoent etorege of certain clasese of materiels, 
on call from elsevhare in the net. (Naturally, 
everything is stored fo wore than one place). 





‘THE AUTHOR ANSWERS THE QUESTIONS 
WA 1S MUST FREQUEXTLY ASKED. 


@. If you publish pour ideas like this, areo't 
you afraid someone will steal them? 


‘The Eenadu subscriber. of cout 
requesta at the acreea as quickly as possible— or 
mm priority if he wants to pay for it— and aay 
itore his ovm Elles, tocluding linkeges among other 
asterials and margics! notations to otha things 
thet can be called. (See collateral structures, 
p-DAS2: these can autapatically bring forth any- 
thiog they're linksd to. (Sae "Welsou's Canons,” 
torical record vill 





A. Wo. 

(Tha Lav of latellectual Property ie about 

the atrongeet backing the individual has in 

this society. 

Besides which, there is here co revelation of 
the Kenadu Sneakreta. 

Q. Won't some big company mweep your Esnadu 
under if thay imitate it? 

Tf thay come up with « syetes having 

ens unlinely (0: 

» 1 might even (eal I had 

But lo the meantine, ithe 

end ike DEC, I am going to 

ja to try to do Le right. 

Q. Aren't you afraid that writing « f1ippaot book 
WALL keep people from taking you seriously? 

A. 1 do aot want to be token seriously fo some 
quartere until it's coo late. 













stored to whatever 
ha chooses) in vaye that can 
bia. 








Roma useye need only dial a local phe oum- 
ber— cheir nearest Lanadu etand— co connact with 
tha entire Zenadu network. (Tha cost of using 
something etored om tha netvork bas nothing to do 
with where it 16 etored.) 











(Special high-capacity Linas ceed not be to- 
tions, a6 appropriate 


ing av 





able commercially.) 


T have heard rumors that eomeone else in the field’ 
calls « computer product “Kanadu.” 

I cend to dowbt this; and even if they did, ay 
usage goes back to 1966. 


Various security techolquas prevent others 
from reading # subscriber's files, even if they 
sigu on falsely; the Dartmouth technique of 
scrambling on noo-atored kaywords 1s # good one, 


The Xenady stand eleo has private roams vith 
multiple screams, vbich can be rected for parties, 
business ings, design sesatons, briefings 
legal consultations, lectur: 
and 80 on. 





I vould Like to thank (in ohronote 
BlLioe Klugman, Nat ("Kubla") Kuhn, 
Babeoki, Cal Daniels and John 
for the considerable time and 
they gave to the Xanadu progr 
thanke aleo to various others 

Por the final 









‘Tha choice locations for tha Lanady staods 
ere ecommvhat differant from hamburger epote. But 
that's probably not anything to go into here. 


who eat in from, 
alection of 
algorithms, hovever, no one is to blame but me. 








Within the Kanade netvork, theo, people may 
read, vri study and.play- 


Tan eful to the good offices of Svarthnore 
for the use of thetr aquipmenc in th 


continuing efforte to debug the Tanadu prograi 
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Lh ME he Mpemst So} Capt Colon, 113.) 


How are we going to sell the Home Computer? 

Well if you want to sell computers, let me tell you what to do: 
You've got to talk to the housewives, and the children, too, 
No one wants to program, they want something they can view... 





Is Kanadu worth waiting for? 


That depanda, dosen't it, 
on the velue of the hend-bush 


differential bird utility ratio. 








got to offer fun, and it's got to offer truth; 
& to give you something thac’ll lift you from the booth; 
t to be uplifting to the Ledy from Duluth 
got to have a vision; you've got to have 
You should maybe sing a jingle (in a way that doesn't j 
It's got to have a tingle, in a way their minds can't tang] 








fea ba ow 
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Se gontinuing under our guidance inertial, 
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Let's heve t XANADU SINGING COMMERCIAL, 
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1 
It's got everything to give. CR ¥ LEICA FO 
feng] Itt]. get you where you llve. AZ LEI A Xx 
Realms of mind that you may roam: 
[etme] Grasp them all within your hone. i 
The greatest things you've e seen t 
(ome flewrnd Dance your wishes on the screen, i 
Al1 the things thet man has known ; 
Jee best-1] Comin’ on the telephone-- ' 
S 
Poems, books and pictures too ' 
(rans weg/} COMIN? ON THE KANADU -- ' 
' 
XAN-A-DU, 00-- H 
[refetns] H 
! 
! 
! 
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rae won- oF YOYYYY/ 


DHSS 


WHAT NELSON 


}S REALLY SAYING 
Fold so Taf anybody oo 


VA lesfan q 4 


wlhoct a Phd. 


nd ngbe come al, 


From "Barnum-Tronics" 
(ettation p. DM 2.) 


1) Knowledge, understanding and 
(reedom can alll be advanced by the 
promotion and deployment of com- 
puter display consoles (with the 
right programs behind them). 

2) Computer presentational media. 
coming saon, will not be technically 
determined but rather will be new 
realms for human artistry. This point 
‘of view radically affects how we 
design man-machine systems of any 
Kind, especially those for informa: 
tieval, leaching, and general 
writing and reading. Some practi- 
Uioners sce such systems ax narrowly 
technical. with the computer hoisting 
up little pieces of writing on some 
“geientific” basis and showing them 
to you one grunt at a time. A Metec- 
cal banquet. I disagree. The systems 
should be opulent. 

3) ‘The problem in presentational 
eystems of any kind ix lo make 
things look good, feel right,und come 
across clearly. The things that mat- 
ter are the feel of the system, the 
user's state of mind, his possible con- 
fusion, boredom or enthusiasm, the 
problems of communicating concepts. 
and the very nature of concepts and 
their interconnection. There will 
never be a “science” of presentation. 
ercept as it relates to these things 

4) Not the nature of machines, 
ut the nsture of ideas. is what 
matters, IN 
velop, of 
and it always will Ue. Bul at Teast 
in the future we won't be booby: 
trapped by the nature of paper. We 
can design magic paper 




















11 is time to start using computers 
to hold information for the mind 
much as books have held this infor- 
mation in the past. Now information 
for the mind is very different from 
“information for the computer* as 
we have thought of it, hacked up 
and compressed into blocks. Instead 
we can firetch the computer. 

[om proposing a curious kind of 
subversion. “Let us design,” | say; 
and when people sce the systems, 
everybody will want one. All I want 
to do is put Renaissance humanism 
in a multidimensional responsive con- 
tole, And [am trying to work oul 
the forms of writing of the future. 
Hyperteats. 

Hyperteats: new forms of writing. 
appearing on computer fereens, that 
will branch or perform at the reader's 
@mmand, A hypertext is a non- 
Kequential piece of writing; only the 
computer display makes it practical. 
Somewhere between a book, a TV 
show and a penny arcade. the hyper- 
text can be a val tapestry of infor- 
mation, all in plain English tepiecd 
with a (ew mogic ticks on the 
xereen», which the reader may attack 
‘and play for the things he wants, 
branching and jumping on the sercen, 
using simple controls ax if he were 
ing a car. There can be spec 
subparts for xpecialized in- 
ts, instant availability of rele- 
vancies in all directions. footnotes 
that are books themselves, Hyper- 
texts will be so much beter than 
ordinary writing thal the printed 
word will wither away. Real uriting 
by people, make no mistake, not 
data banks, robot summaries or other 
clank, A person is writing to other 
people, just as before, bul on magical 
paper he can cul up and tic in knots 


























and Ay around on. 


I believe in calling a spade a spade 
-- not a personalized earth-moving equip- 
ment module; and a multi-dimensional spade, 
by gum, a hyperspade-- not a personalized 
earth-moving equipment module with augmen- 
ted dirt access, retrieval and display cap- 
ability under individulaized control. 


T want a world where we can read the world’s literature from screens rather 
than persona!ly searching out the physical books. A world without ruutine Laper 
work, because all copying operation: place automatically and formalized tran- 
aactions occur through formalized ceremonies at consoles. A world where ve can 
lenrn, study, create, aad share our creations without having privately toschlepp aud 
physically safeguard them. There is a familiar. all-embracing motto. the jingle we 
all know from the day school lers out. which I lake quite seriously: “No more pencils; 
no more books: no more teachers’ disty looks " The Fantic Age. 



















Fron "Computopla and Cybercrud.” 
(Citation nearby.) 
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My work is concerned principally with the 
theory and execution of systems useful to the mind 
and the creative imagination. This has polemical 
and practical aspects: | claim that the precepts of 
designing systems |hal touch people's minds, or 
contents to be shown in them, are simple and uni- 
versal: making things look good, feel right and 
come across clearly. 1 claim that to design systems 
that involve both machines and people's minds is 
art first, technology second, and in no way a deri- 
vative specialty off in some branch of computer 
science. 


However, presentational systems will cer- 
tainly involve computers from now on. 


Since hundreds of such systems are now 
being buill, many of them all wrong, we must 
leach designers (and certain others) the basics 
of computers, and give them some good examples 
lo emulate (such as Sutherland's Sketchpad, 
Bitzer's PLATO, and, I hope. some of my own 
designs). 


Further, the popular superstitions about 
computers must be fought-- the myths thal they 
ere mechanislic, scientific, objective or indepen- 
dent of human intent and contemplative Involve- 
ment. 





ELSON'S CANONS 
A BNE rlormation Righty 


lt is essential to slate these firmly and 
publicly, because you are going to see a lot 
of systems in the near future that purport to 
be the last-word cat's-pajama systems to bring 
you “all the information you need. anytime, 
anywhere." Unless you have thought about it 
you may be snowed by systema which are in- 
herently and deeply limiting. Here are some 
of the things which 1 think we will all want. 
(The salesman for the other system will say 
(hey are impossible, or "We don't know how 
to do that yet," the standard putdown. But 
these things are possible, If we design them 
in from the bottom up; and there are many 
different valid approaches which could bring 
these things into being. 

. 


These are rules, derived from common 
sense end uncommon concern, about what people 
can and should have in general screen systems, 
systems to read from. 


1. EASY AND ARBITRARY FRONT ENDS. 


The "front end” of a system-- thal is, 
the program that creates the presentations for 
the user and interacts with him-- must be clear 
and simple for people to uee and understand. 


THE TEN-MINUTE RULE. Any system 
which cannot be well taught to @ layman in 
ten minutes, by a tutor in the presence of a 
Tesponding selup, is loo complicated. This may 
sound fer too stringent; | think not. Rich end 
powerful systems may be given front ende which 
are nonetheless ridiculously clear; thie le a 
design problem of the foremost importance. 





TEXT MUST MOVE, that ie, slide on the 
sereen when the user steps forward or backward 
within the lext he is reading. The alternative, 
to clear the screen and lay out a new presente- 
baffling to the eye and thoroughly di 
orienting. even with practice. 





Meny computer people do not yet under- 
stand the necessity of this. The problem is that 
if the sereen is cleared, and something new 
then appears on it. there ie no visual way to 
tell where the new thing came from: sequence 
and structure become baffling. Having il slide 
on the screen allows you lo understand where 
you've been and where you're going; a feeling 
you also gel from turning peges of a book. 
(Some close eubstitutes may be possible on 

some types of screen.) 


On front ends supplied for normal users, 
there must be no explicit computer languages 
requiring input control strings, no visible eso- 
teric symbols. Graphical control structures 
having clarity and safety, or very clear task- 
oriented keyboards, are among the prime alter- 
natives. 








All operations must be fail-safe. 


Arbitrary front ends musi be attachable: 
since we are talking about reading from text, 
or text-and-picture complexes, stored on a 
large data system, the presentational front end 
must be separable from the dala services pro- 
vided further down in the system, so the user 
may attach hls own front-end system, having 
his own style of operation and his own private 
conveniences for roving, editing and other forms 
of work or play al the screen. 


2. SMOOTH AND RAPID DATA ACCESS. 


The system must be built to make possible 
fast and arbitrary access (o a potentially huge 
data base, allowing extremely large files (at 
least into (he billions of characters). However, 
the syslem should be contrived to allow you to 
read forward, back or across links without sub- 
stantial hesitation. Such access must be impli- 
cit, not requiring knowledge of where things are 
physically stored or what the internal file names 
may happen to be. File divisions must be in- 
visible to the user in all his roving operations 
(FREEDOM OF ROVING): boundaries must be 
invialble in the final presentations, and the user 
must not need to know aboul them. 


3. RICH DATA FACILITIES. 


Arbitrary linkages must be possible be- 
tween portions of text, or text and picture 
annotation of anything must be provided { 
coliateration 7S) should be a standard 
facillty, between any pair of well-defined ob- 
lecls; PLACEMARK facilities must be allowed 
to drop anchor at, or in, anything. These 
features imply private annotations to publicly- 


accessible materials as a standard automatic 
service mode. 








The AI people don't understand, 


the IR people don't understand, 
the CAI people don’t understand, 
and for God's sake don‘t tell IBM. 


I believe that an introduction to any 
subject can be humorous, occasionally pro- 
found, exciting, vivid, and appealing even 
to experts on their -separate levels. 


Perhaps someday I can prove it. 
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4. RICH DATA SERVICES BASED ON 
THESE STRUCTURES. 


The user must be allowed multiple rovers 
(movable placemarke at points of current activity): 
making posalble, eepecially, multiple windows 
(lo the location of each rover) with displeys of 
collateral links. 


The system should aleo have provision 
for high-level mooting (ege-px=—) and the auto~ 
matic keeping of historical trails. 

Then, a complex of certain very necessary 
and very powerful facilities based on these things, 
viz: 

A. ANTHOLOGICAL FREEDOM: the user must 
be able to combine easily anything he finds into 
an “anthology.” 4 rovable collection of these 
materials having the structure he wante. The 
linkage information for such anthologies must be 
separately transportable and passable between 
usere. 

B. STEP-OUT WINDOWING: from a plece 
In such an anthology, the user must be able 
to step out of the anthology and Into the previous 
context of the material. For instance, if he hae 
just read a quotation, he should be able to have 
the present anthological context dissolve around 
the quotation (while it stays on the screen), and 
the original context reappear around it. The 
need of this in scholarship should be obvious. 

C. DISANTHOLOGICAL FREEDOM: the 
user must be able to step out of an anthology 
in such a way and not return if he chooses. 
(This hes important implications for what must 
really be happening in the file structure.) 








Eerlier versions of public documents muat 
be retained, as ueera will have linked to them. 

However, where possible, linkages must 
aleo be able to survive revisions of one or both 
objects. 


5. "FREEDOM FROM 
SPYING AND SABOTAGE.” 


The assumption must be made al the 
outset of a wicked and malevolent governmental 
authority. If such a situalion does not develop, 
well and good; if it does, the system will have 
a few minimal sefeguarde built in. 


FREEDOM FROM BEING MONITORED. The 
use of pseudonyms and dummy accounts by indi- 
viduals, as well a5 the omission of certain record- 
keeping by the system program, are necessary 
here. File retention under dummy accounts Is 
aleo required. 


Because of the danger of file sabotage, and 
the private at-home retention by individuale of 
files that also exist on public syeteme, it is 
necessary to have FIDUCLAL SYSTEMS FOR TELLING 
WHICH VERSION IS AUTHENTIC. The doctoring 
of on-line documents, the rewriting of history-- 
ef. both Winston Smith's continuous revision of 
the encyclopedia in Nineteen Eighty-Four and 
H.L. Hunt's forging of hialorical telegrams for 
“The White House"-- le a constant danger. Thus 
our systems must have a number of complex 
provisions for verification of falsification, espe- 
cially the creation of multilevel fiduciale (parity 
systems), and thelr storage In a variety of 
places. These fiducials must be localizable and 
separate 1o small parts of files. 





1. COPYRIGHT. 


Copyright must of course be retained, but 
a universal flexible rule has to be worked oul, 
permitting material to be transmilted and copied 
under specific circumstances for the payment of 
@ royalty fe surcharged on top of your other 
expenses In using the system. 





For any individual section of material, 
such royalty should have « maximum: i.e., "by 
now you've bought It.” 


Vary!ng royalty rates. however, ehould 
be the arblirary choice of the copyright holder; 
except thal royalties should not vary sharply 
locally within a tissue of material. On public 
screens, moving between areas of different roy- 
alty cost must be sharply marked. 
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EPOUL 


T have had a most rare vision. L have had « 
dream, past the wit of man to sar what dream 
it was: man is but an est, if he go about to ex- 
pound this dream. Methought 1 was—there 
no man can tell Methought I 
ut man is but & patched 
hat methonght I had. 
rd, the ear of man 
nal able to taste, 






















Bottom the Weaver 


Now you see why I brought you here. 
This Gem-maniacal book has, obviously, been 
crealed aS a crossroad of several cross pur- 
pos to furnish a needed, grabby layman's 
Introduction to two vast but rather inaccessible 
realms; to present a coherent, if contentlous, 
point of view, and unroll a particular sort of 
apocalyptic vision after preparing the vocabulary 
for it; to make bright friends and informed sup- 
porters for my outlook and projects; to get home 
to some of my friends the fact thal what | am 
doing is at bottom not technical; and finally, if 
nothing else, to set forth some principles about 
the’ way things should be, which others will 
have:to answer if they propose to do less. 
Thus, overall, this book is a message in a Klein 
bottle, waiting to see who's thirsty. 





I suppose it ali started in college. Swarth- 
more lefi me with an exaggerated notion of the 
extent to which ideas are valued in the academic 
world; it took two graduate schools to clear this 
up. Afler that, as far as 1 was concerned, 
Ph.D, stood for Poophead. But | still cared “ 
aboul ideas, and the deep neceesily of finding 
their true structure and organization. From 
writing | knew the grueling difficulty of trying 
to make ideas get in order. 1 believed in the 
pure, white light of inspiration and the power of 
the naive but clever mind (o figure out anything, 
if not obstructed but dumb dogmas and obtuse 
mental schemata foslered by the educational system. 


When 1 finally got the idea of what compu- 
ters were aboul, sometime in 1960, 1 look endless 
walks at night trylng to hash these things out and 
see where they led. The texl syslems came clear 
to me, at leasi in thelr beginnings; in a few weeks: 
the realization that 3D halftone was poselble came 
to me as a shock the following spring. 1 believe 
as | was walking across Radcliffe Common. Since 
then trying to build these systems for creation and 
the true ordering of intricate thought hae been my 
driving dream. 


My own life among these dream machines 
hag been a nightmare, thoroughly unpleasant, 
and if people are right in telling me thal nobody 
wants systems like the ones I am designing, 

IN get the heck out of this and be a disk jockey 
or a toy salesman or something. 


1 first got into this as a writer; all 1 
wanted was a decent writing system that would 
run on @ computer. Liltle did [ realize the Im- 
mensity of what that entailed, or that for some 
reason my work and approach would engender 
indignation and anger wherever ] wenl. There 
is a fiction that everybody In theese fields is 
doing something fundamentally scientific and 
technical, and this fiction is usually upheld in 
carefully enacted mutual playlets. Trying to 
cut through that and say, "Let's build a home for 
mankind that will al last be shaped to fit man's 
mind," does nol seem to- generate immediate 
warmth and welcome. 


But ['m glad for the friends I've made in 
this field, and of course (here have been a lot 
of laughs. (I'd really have haled to miss being 
in this field, just for the thrilling madness of 
it all.) All in all my adventures have been a 
sort of participatory journalism, which I'd like 
(o wrile up properly some time. Some highlights: 


The days of madness in '68, trying to 
start an honest corporation (o do all thie stuff, 
and suffering endless lunches with Wall Street 
hangers-on who were looking for a vehicle to 
take public. They wanted another chicken- 
franchise type company, though. and certainly 
not ideas. 


Being briefed by four different corporations, 
most of them major. on the fantestic powers their 
interactive-movie system was going to have. One 
of these briefings was in the board room of a 
famous skyscraper. And now, only one of those 
systems is lef(-- Kodak's. 





Then there was the courtly gentleman who 
was going to be my Noah Dietrich, my Colonel 
Parker. He assured me that through his business 
connections all was going lo go marvelously, 
and then later intimated that as @ special favor 
he was going to put me In touch with other 
universes and the flying saucer people. I just 
didn't have time for other universes. 


Then there was the suppression of my first 
book (this is my second). You might say it was 
a misunderslanding. at least on my part. My 
boss's understanding was evidently (hat the ad- 
vancement of my ideas would be detrimental to 
his. If it had been @ question of free speech in 
Yugoslavia it might have been different. Well, 
it takes a long time to get a book together, but 
here we go again. 


Then there was the time [ was called in 
a3 @ consultant on a vast federal system, never 
mind what. Numerous computer programs were 
to be coordinated by @ hypertext system they 
had created and they wanted to know if they'd 
designed it right. It took months to find out 
from (he programmers exactly what the syetem 
was, so I ended up writing the manual; after 
which I explained what was wrong with the pro- 
ject and the whole hypertext system was scrapped. 


And my job with it. I never quite got the swing 
of consulting. 


Flying coast-to-coast with the president 
of a large corporation, he and I planned the 
whole Xanadu budget for the following year at 
something like half a million dollars. Two yeara 
later, reduced In circumstances and driving a 
yellow cab in New York, the miserable vehicle 
breake down in front of those same corporate 
headquarters. And the reason [ had thal bad 
taxi was that [ was out of favor with the taxi 
dispatcher, on account of having been absent 
the previous week-- I had had to fly to California 
to give a banquet address at the Rand Corporation. 


Then there were my adventures with the 
cla. 


I was sitting in my office at Vassar, 
sagely advising a student, when the phone rang 
and the caller identified himself as John Ww. 
Kuipers, head of computer research at the CIA. 
He told me [ had been noticed as a new bright 
young men in the field, and would | like to 
work for them? 


Now, there is something about being a 
cynic and a romantic. (They go logether: the 
cynic deflates ideas, the romantic falle In love 
with them.) It is not impossible for the cynical 
romantic to surmise that because everything he 
has seen personally lurned oul to be so lousy, 
thal the true hope may lie at the heart of the 
vortex, just where everybody thinks is impossible. 
Also the Kennedy aftermath, when sophisticated 
people had learned to laugh at simple idealism 
as a facade for the real wheel-and-deallng. 
slap-and-tickle, mey have had something to do 
with il; anyway, ] was enchanted. Thus began 
the Kuipers Caper. 


YES, THERE [S A McLEAN, VIRGINIA 


I was given a handler named Bob, a jolly 
fellow, who kept assuring me that much money 
was just around (he corner. I was regaled with 
success 6lories of other people in the computer 
field who really, undercover Worked for Them. 
(They weren't doing anything very exciting.) 

I got to show my slides in the CIA office building 
in Arlington, and to eee there very fancy displey 
equipment behind shielded (!) double-doors in 

a shielded (!!) computer room-- shielded to keep 
any planted bugs from transmitling out the con- 
tents of the computers’ working registers. I even 
gol to visit the main CLA "campus" in McLean, 
Virginia, where the sign says Agricultural 
Research Station. It is an incredible feeling to 
walk across that big eagle in the lerrazzo, 

and to be given the visitor's badge thal saye 
"United States Government” all in wiggly lines. 


They told me that they would be gled to 
set me up in business as a hypertext company, 
but [ would have to have a corporation, because 
that was the way they always did things. And so. 
it came lo pags that The Nelson Organization, Inc. 
was founded al the express request of the United 
States Central Intelligence Agency. { wouldn't have 
had it any other way. If life can't be pleasant it 
can at least be surrealistic. 


... BUT NO SANTA CLAUS 


I was encouraged to write proposals for them, 
and write proposals I did. (1 happened to finish 
typing the first one dufing a lightning storm, 
and lightning crashed just as I wee signing the 
page; 1 felt ltke Faust.) 1 explained how hyper- 
text might have prevented the Bay of Pigs. After 
due consideration, I did not say what hypertexts 
might have done for the Warren Report. Numerous 
Jolly phone calls assured me that my first $25,000 
was just around the corper. 


The break came when Bob called me and 
asked me to rewrite a proposal one more lime. 
He had circulated it, he sald, among various 
people “at the shop," who he reminded me were 
holders of advanced degrees, and it had been 
remarked that they found my proposal meaning- 
less: "Every place you say ‘hypertext’ you 
could just aa well put 'gobbledygook' instead; 
you'll have (o clear that up a little.” 


DST 


Thal did It. They couldn't read either. 
Who turns oul to be in charge of computer stuff 
in the heart of the CLA, the inner sanctum, the 
nest of vipers, but the same old poopy Ph.Ds. 
I decided to resuscitate my virtue. 


As far as [ know, there ie atil] not a 
Decent Writing System anywhere in the world, 
although several things now come close. It 
seems a shame that grown men and women have 
to rustle around in piles of paper, like equirrela 
looking for acorns, in search of the phrasea 
and ideas they themselves have generated, 

The decent writing system, as I see it, will 
actually be much more: it will help us create 
better things in a fraction of the time, but also 
keep track of everything in better and more 
subtle ways than we ever could before. 

But nobody sees this-~ I suppose it's only 
writers and editors that know they're trying to 
"keep track of Ideas"-- and | have been unable 
to get thie across to anybody. (The professional 
writers, of course, won't talk to me either.) 














So here [ am after fourteen years with 
exactly two systems to show for it: the main one, 
Xanadu, the text-and-animated-picture network 
system, and Fantasm (1 shouldn't have apent 
the time but it was a labor of love), the simu- 
lated-photography system. Actually, 1 don’t 
have either of them to show, it's al] just Now- 
charts, but it turns out that if | work on either 
of (hem with university equipment, my work of 
fourteen years gets confiscated. So much for 
that; the outside expedients for debugging con- 
Unue. 


And, to lighten the burden, I've finally 
given up on trying to reach professionals, who 
evidently need a thick gravy of technicalism to 
meke the obvious palatable; with this bookity 

1 am taking my case to The People. It is there, 
anyway, out in Consumerdom, thal the real ac- 
tion is going to occur. So the important thing 
ie for everybody to know whal's really possible, 
and what they could have. That is why 1 have 
shol off my big canons (and this epistol) . 





To me, you see, this is really a holy 
crusade. whereas | know guys to whom it's 
just a living. It's no less than a question 
of freedom in our lime. The cases of Solzhenitsyn 
and Elisberg remind us that freedom is still 
not what it should be, anywhere. Computer 
display and storage can bring us a whole new 
lileralure, the uniting and the apotheosis of the 
old and the new; but there are many who would 
not necessarily want to see this come about. 
Deep and widespread computer systems would be 
tempting to two dangerous parties, "organized . 
crime" and the Executive branch of the Federal 
government (assuming there is still a difference 
between the two). If we are lo have the freedoms 
of information we deserve as a free people, the 
safeguards have to be built in al the bottom, now. 
And the opulence which is possible must be made 
clear to everyone before we settle on an inferior 
system-- as we did with television. 





Some people have called my ideas and 
systems "Orwellian." This is annoying In two 
ways. In the first place It suggests the nighl- 
mare of Orwell's book Nineteen Eighty-Four, 
which obviously [ want no part of. (But hey, 
do you remember what that world of 1984 was 
actually Ike? The cryptic wars agalnst uneeen 
enemies that kept shifting? The government 
spying? The use of language to twist end 
manipulate? To paraphrase Huey Long: "Of 
course we'll have 1964 in America. Only we'll 
cell it 1972.") 





The second reason the term “Orwellian” 
is offensive is that it eomehow reduces the life 
of Orwell, the man, to the world of "1984." 
This ie a shallow and shabby thing to do to @ 
man who spent his life unmasking oppressiveness 
in human institutions everywhere. 


In the larger sense, then-- In homage to 
thal simple, honest, angry man, who cared about 
nothing more than human freedom-- 1 would be 
proud indeed if my systems could be called 
Orwellian. 


That reminds me. Nowhere in the book 
have | defined the phrase "computer lib." By 
Computer Lib [ mean simply: making people 
freer through computers. That's all. 


Fantically-- or fanatically-- 
Yours for a better world, 
Before we have to settle for Any-~ 


Ta Neos, 


OL 


